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ABSTRACT

This report is aimed at defining fastening processes and techniques that are
not widely used in ship construction today in terms of their applicability and
potential for improving cost, construction, relisbility, and maintenance of hull
structures and attachments. The study includes similar and dissimilar metal-to-metal
and metal-to-nonmetal Joints, a generic fastener matrix of typical fasteners,
fastener installation equipment and processes, proposed applications of explosion-
bonded materials, and cost comparisons of various fabrication techniques. Fusion
welding, diffusion bonding, friction welding, and adhesive bonding are discussed.
Several fastener standards and vendor proprietary fasteners are included as figures.
Extractions from Boeing Design Manual sections on mechanical fastening and adhesive
bonding are included as reference attachments. Fastening systems and techniques that
merit further study or verification are identified.
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I. INTRODUCTION

IA. BACKGROUND

There are many differences and similarities between conventional ship and air-
frame assembly methods. These differences range from the obvious to the very subtle

and are related to the particular fabrication techniques and the design philosophy
of the structures.

In both industry situations, customer/user performance criteria within the
context of regulatory agency requirements influence the direction taken by the
designer and builder in producing a vehicle to satisfy customer needs for a price.

The aerospace industry has been challenged to extend its capability in many
areas. Premiums attached to weight of airframes resulted in the introduction of
honeycomb construction and adhesive bonding. Several other joining processes

received impetus. These include plasma and electron beam welding, diffusion bonding,
and mechanical fastening.

Parallel with the ahove activity, the jet commercial transport came of age.
This growth in the commercial market provided the opportunity to develop new pro-
cesses offering cost-effective returns. The quest for increased customer acceptance
emerged in one form as extended-life airframe warranties (fatigue-rated structure).

These factors contributed to the utilization of a full complement of material
formes (sheet, plate, extrusions, castings, forgings, weldments); materials
(aluminum, steels, titanium, nickel magnesium, glass-reinforced plastics, etc.);
alloys within a basic metal family; and heat-treat tempers to their best advantage.
As a result, a delivered aircraft represents a conglomeration of materials and
material conditions, each of which may require a unique Jjoining method. Outfitted
gships represent a similar conglomeration of materials and joining methods. The net
result is a full complement of joining methods ranging from diffusion bonding,
fusion and resistance welding, adhesive bonding, and a wide variety of mechanical

fasteners. This area of joining becomes extremely significant and is the basic
subject of this report.

The principal method of airframe structural jJoining is mechanical fastening.
These fasteners range in size from 3/32-inch diameter, for riveting of floating nut
plates, to high-strength alloy steel and titanium bolts of 2-inch diameter. Struc-
turally rated blind rivets, families of vendor proprietary interference fit
fastener systems, and several classes of riveting make up the process inventory.
These include fastener types and installation proceseing criteria for fluid-tight
fasteners classified for use in integral fuel tank structures. Another classifica-
tion of fasteners is available for fatigue-rated fluid-tight applications. Some of
the principal considerations for fastening of airframe include low fabrication cost
and capitdl equipment requirements, proven reliability, repairability/panel
replaceability, fail-safe design philosophy, and fatigue considerations. End item
inspectability is also a pertinent consideration.
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Portable tools and mechanized equipment (including multiaxis numerically
controlled panel riveters) have been developed to install the various types of
fasteners.

Unlike aircraft, the quantities of ships constructed on a particular produc-
tion run are relatively few in number. The extensive use of hard tooling and
Jigging is not warranted in the assembly stages due to the high costs involved.
However, production and modular assembly concepts developed in the shipbuilding
industry have been adopted for widespread use in the airplane industry. These
include the use of full-scale lofting, free-floating jigs (one degree of freedom)
common to both industries and construction by compartments or sections.

The interest of the government and the civilian sector in fast-ship concepts,
such as the hydrofoil and surface-effect ships, has led to the need for new fasten-
ing or Jjoining techniques. Some of the newer techniques already being investigated
in the shipbuilding industry (such as bimetallic joinings) are documented in this

report, along with fastening systems that have in the past been used parimarily in
the aircraft industry.

IB. SCOPE

On the basis of prior screening, a selection was made of specific types of
attachments to be studied in greater detail. These include: Several aspects of
equipment and systems installation and joints between dissimilar materials (metals
and nonmetals combinations). Both of these were studied for:

a) Fabrication cost and practicality

b) Maintenance requirements and savings

c) Corrosion and fracture characteristics
d) Inspection requirements

e) Weight

f) Fatigue capabilities

g) Comparison with other methods

h) Reliability

The following joining problems were gstudied with respect to the above
criteria:

a) The use of bimetal strips or fillers produced by diffusion bonding,
roll bonding, or explosive bonding for conventional welding of
dissimilar metals

b) Use of flanged, formed bead structure for dissimilar metals explo-
sively bonded in place

Y
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g)
h)
i)
J)
k)
1)

As this
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Use of friq@ion welding for dissimilar metal stud welding

Use of explosive or diffusion bonding to produce dissimilar metal
sleeves .or melt-through Joining with portable, automatic tube welders

Use of explosive bonding to jacket foreign metal structures for pre-
vention of underwvater electrolysis

Use of special edge members and shock-absorbing sleeves for attachment
of nonmetals

Bulkhead penetrations

Mechanical fastening for structural and nonstructural joints
Adhesive bonding of similar and dissimilar metal joints

Hole preparation

Coldworking holes for increased fatigue strength

Fluid-tight flush fasteners for hydrodynamic environments.

study is conceptual in nature, no hardware has been fabricated.

Individual applications of proposed techniques will require evaluation on their

own merits.
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II. INVECTIGATION ANID ANALYCID

IIA. ILENTIFICATION OF PROBLEM APEAS FOR STUDY

This part of the program involved research of availatle data from several
sources, including the Defense Do~umentation Center, local and company litrariec,
reports made available to Boeing from the Ship Structure Committee, and visits to
vessels under construction and in service. These visits provided first-hand
information as to use-experience problems associated with ship structure, and, in
addition, served to familiarize the authors in the language of the industry.

Based on initial discussions with the advisory group and subsequent consulta-
tions and reviews, it was determined that connections and attachments made below a
ship's waterline would be internal connections only and that nothing should pene-
trate the outer hull. However, above the waterline, where connections and attach-
ments other than welding have been proven economical and safe, such information is
in the recommendations contained in this report.

Welding of conventional steel ship structure is discussed briefly in this
study because it is based on well-established processing knowledge. Emphasis was
placed on identifying fabrication problems in steel and aluminum structure, systems
attachments, and what is generally known as outfitting.

Based on service experience and history, it has been determined that one of
the major problems encountered in the fabrication of aluminum structure is that of
galvanic incompatibilities caused by the coupling of dissimilar metale in the
presence of a sea-Wwater electrolyte. The galvanic-corrosion problem manifests itself
in many areas during initial construction and while the vessel is in subsequent use.
The areas where galvanic corrosion can be located and identified range from the
attachment of the deckhouse to hull structure and of equipment foundations to
structure. The maJor emphasis of this problem is to identify these areas and to
suggest alternative fabrication or attachment methods. Table 1 identifies areas
pertinent to the scope of this input and includes a brief summary of proposed
alternatives. Discussion in the remarks column is sometimes brief because of space
limitations. Additional discussion may be found in the sections of this report
referenced in the remarks column.

IIB. GENERIC FASTENER MATRIX

Mechanical fasteners are produced commercially in a wide variety of sizes,
shapes, alloys, protective finishes, and heat treatments. Their respective instal-
lation requirements vary from squeeze deformation to interfzrence fits. The
current fastener inventory can satisfy a multitude of requirements, both structural
and nonstructural. These applications include fluid-tight and fatigue-rated
Joints, riveted lap Joints in thin structure, and attachment of systems and
equipment.

The generic fastener matrix (Table 2) 1lists a number of different families of
fasteners usrd in the aircraft industry that have potential for application in
fabrication of ship structure. With few exceptions, these are govermment-approved
standard parts. In fact, several of these fasteners are already being used in
specialized applications in the shipbuilding industry.
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TABLE 2
GENERIC FASTENER AND APPLICATIONS MATRIX

Oyenenc name

Identification

Alloys

Characteristics and suggested applications

Solid-shank structural rivet {see Appendix H 17.611)

Fizuh head MS20426 5056 AR Characteristics

BACR15DY A-286 Primarily shear rated

MS20427M Monel Available with protective coatings

BACR15EE Ti-6AI4V Fluid-tight processes available
Universal head MS20470 5056 Al Fatigue rated

BACR15DX A-286 Applications

MS20615M Monel Below waterline applications

BACRI15EW Titanium Thin-gage applications

alloys Thin sheet lap and butt joints
Structural shear and tension joints
Slug BACR158D 5056 Al Fluid-tigt t assemblies and bulkheads
Index head BACR15FH 2117 Al Hand-driven installations
2024-T351 Machine or yoke squeeze installations
Electromagnetic riveting
Structural blind fasteners (see fig. 2)

Protruding head NAS1398C A-286 Characteristics

NAS1398NW Monef High strength

NAS13988 5056 Al Available with protective coatings

BB678 CRES Labor saving installations

BB352 CRES/6061 Shear and tensile rated
Flush head NAS13998 5056 Al Loqkeq stem.—hold filling and non-hole-filling

NAS1399C A-286 Fluid tlght with sealant

NAS1399MW Monel Applications

BB677 CRES Limited-access areas

BB351 CRES Thin sheet and sandwich construction

B8449 A-286 Bracketry attachments

6061 Al Temporary repairs

Closeout pane! attachment

Nonstructural bli

nd fasteners (see Appendix H 17.613)

Protruding head MS20602 5056 Al Characteristics
NAS1738 5056 Al Low strength
NAS1738 Monel Locked stem—hole filling and non-hole-filling
Flush head MS20603 5056 Al Hollow shank
MS20605 Monel Applications
NAS1739 5056 Al Nonstructural attachments
NAS1739 Monel Nutplates
Name plates
Blind nuts (see table 3)
Protruding head BNS540 CRES Characteristics
BN549 A-286 Structural rated
Fluid tight
Flush head BN360 CRES 9 ,
Y BN5S5 A-286 E‘lésh and. protrudmg head
BNS62 Ti-6AI-6V-25n abor savings
BN158 5056 Al Applications
" } High-temperature applications
Three-piece system BNB1108 A-286 Fuel and fluid tanks
BNB1109 A-286
R Structural and bracketry attachments
8NB1110 A-286 h
BNB1111 Ti-6AI-6V-25n |  Systems attachments

Honeycomb sandwich panel attachments
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TABLE 2

CONCLUDED

Structural threaded fasteners (see figs 6 and 7)

Protruding head BUS1634 Steel alloy Characteristics
BUS1734 CRES High strength
BUS1936 Steel atloy Fluid tight (with seal nuts or sealant)
Tensile and shear rated
Flush head ggg:ggg gtsglsalloy Predetermined torque without torque wrench
BUS1836 Steel alloy Various protective coatings and finishes
Removable for repair and modification
Six wing SW1050 4140 Applications
SW1055 A-286 High-temperature applications
SW2060 H-11 270 ksi Fit-up bolts for joining assemblies
SW2262 H-11 230 ksi Above and below waterline applications
SW2565 Ti-6Al-4V Deck machinery attachment
Sw2855 Ti-6AIl-6V-2Sn
Structural lockbolts (see Appendix H 17.634)
Flush head BACB30GQ Aluminum Characteristics
allay Shear and tension rated
NAS1436-42 Steel alloy Fatigue rated
NAS1456-62 Titanium alloy, Fiuid-tight bolts and collars available
CRES Variaus protective coatings and finishes
Protruding head BACB30GP Aluminum High-temperature and corrosion resistant
alloy Weight sayings
NAS1446-62 Steel alloy Labor saving
NAS1465-72 Titanium Applications
alloy Limited-access applications
BACB30DX A CRES Panel lap or butt joints
Stump type NAS1414/1422 4037/8740 Brag:ke'try a.nq equipment support attachments
NAS1424/1434 | Optional Fluid-tight joints
NAS2060V/ Ti-6AI-4V
2712v

Quick release fasteners (see Appendix H 17.634)

Protruding head

Flush head

BACS21Y

BACS21X

Steel alloy
CRES

Steel alloy
CRES

Applications
Equipment covers
Access panels
Tension loads to 1700 ib
Shear loads to 3580 ib

Note: See text for general discussion and cited enclosures and figures for additional details.
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Before some of these fasteners can be used for broad applications by the
designer or naval architect, it is essential that design parameters or engineering
allowables be established for each fastener system. A wealth of data exists within
the shipbuilding and aerospace industry on the various physical and chemical
properties of these fasteners. This information is usually a part of the individual
fastener standard and is usable at "par" in any industry. /

This degree of transferability does not always apply in the case of product
applications. These application criteria are often called design allowables,
design parameters, or design standards. They are defined as the complex body of
information that delineates the limits within which a structure can be designed.
They often include the maximum safe stress levels for a desired environment for
fasteners; allowances for structural mismatch at the time of joining; allowances
for fitup stresses; corrosion allowances; fatigue considerations; etc. In sophisti-
cated structurael systems, such as large commercial ships and aircraft, they vary
widely as a function of the intended performance envelope and useful life of the
particular vehicle.

Specifically, these involve:

a) A full range of fastener sizes, lengths, and materials
b) Various types of joints
1) Single lap
2) Double lap
3) Butt
L) Fluid tight
5) High load transfer
c) Various applied loads
1) Direction
2) Magnitude
3) Frequency
d) Environment
1) Thermal considerations
2) Corrosion-prevention requirements
3) Material compatibility
L) Material properties
e) Structural life requirements

1) Stress limitation, corrosion

e —————————————




2) Fatigue limits
3) Stress concentration factor
f) Structural maintainability and repairability
1) Tooling required for installation
2) Tooling required for maintenance
3) Accessibility after assembly
g) Safety margin and fail-safe requirements
h) Hole tolerances
1} Fastener fit
2) Festener installation
3) Fastener repair/replacement.

For nonstructural attachments and joints, not all of the above considerations
would come into play. These are included and referenced primarily to structural
Joints a8 would be found in hull-plate-to-stiffener or bulkhead-to-framing joints.

This body of information has been developed in the aircraft industry over a
period of several years. It is in the form of design manuals, process specifica-
tions, and manufacturing manuals. This information is subject to varying degrees of
transferability to the design of ship structure for reasons previously delineated.

The problem encountered in transferring design allowables from one industry
to another are typified by the following: Whereas the allowables for coldworking of
fastener holes in 2000- and 7000-series aluminum alloys would be directly trans-
ferrable, the allowables for coldworking holes in 270-300 ksi steel would not be
useble for the weldable alloys usually used for ship structure. It would be neces-
sary to conduct a series of fatigue and corrosion tests before coldworking of holes
in low-strength steel could be used. Obviously, in situations where the same

alloys, loading parameters, and service environments are involved, the allowables are
directly transferrable.

IIC., MECHANICAL FASTENING AND HOLE PREPARATION

Mechanical fasteners have been with us since the earliest days of shipbuilding
and can be expected to be with us in the foreseeable future. Most of the implementa-
tion of advanced joining techniques in the fabrication of current airframe
structures has been in the category of detail part and subassembly manufacture.
These new processes offer significant advantages; however, they often require more
stringent in-process control, new equipment, and facilities and are more efficient
for shop environments in contrest to field application.

As other subassembly fastening systems (such as bonding) gain wider accept-
ance, mechanical fasteners will still have many applications in final assembly

i - —————— —
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joining and attachment of equipment and systems. Mechanical fastening is cost
effective, can usually be performed with low-cost assembly tools, and is forgiving
of tolerance accumulation between sections to be Joined. '

At one time, spot welding of skins to stiffeners was widely used in the air- ’
craft industry. As relisbility, performance, repairability, and service life
requirements become more stringent, it was determined to be more effective to
change to riveted and/or bolted structure. It appears that, some day in the future, - -~
the airframe will be bonded. .

Mechanical fasteners have undergone a continuous evolution to keep pace with L
changing requirements. In fact, there is such a wide assortment of fastener types ’
and designs available that care must be exercised to avoid the proliferation that ¢
comes from using a variety of fasteners for duplicate applications. ‘.

The Boeing Company is currently undergoing standards revisions to eliminate o
much of the fastener proliferation that has occurred. Fasteners that are no longer
recommended for future design or current maintenance are being removed from
inventory.

The Chrysler Corporation has recently reduced the number of different fasteners
in its inventory from 3500 to the use of only 50 options. An internally generated
fastener manual for designers consists of three main sections: general guidelines
for fastener selection; a listing of preferred structural fasteners; and a listing
of preferred nonstructural fasteners (Reference (1)). Metrification is another
factor that should not be ignored in activities relating to the standardization of
fasteners.

Methods that could be employed to control proliferation are (1) design
standards, (2) central control of purchasing of fasteners, (3) controlled increments
of grip length and diameter, (i) use of standard sizes, (5) use of coarse threads
for fasteners over 1/U-inch diemeter and fine threads for smaller diameters, and
(6) standardize fasteners to one alloy for each application.

Mechanical fastening systems, per se, have as many potential applications as
there are fastener types.

FASTENER_ STANDARDS

Standards describing fastener types and their properties include: Military Spec-
ifications (M3), Society of Automotive Engineers (SAE), National Aerospace Standards
(NAS), and Army/Navy Standards (AN). In addition to these standards, there are indi-
vidual company standards and specifications, such as the Boeing BAC standards and
proprietary fasteners of various manufacturers. Several examples of these standards
are showvn in Figures 1, 2, and 3.

The Assembly Directory and Handbook, published yearly by Hitchcock Printing Co.,
Wheaton, Ill., is a specifications guide and technical reference that is of invaluable
assistance to design and assembly personnel. It contains lists of standards and pro-
ducts available from absorbers to zippers. Complete sections on fastener standards and
specifications (NAS, MS, AN, etc.) are printed as are manufacturer names (Reference (2)).

e o ————————
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Another magazine published biweekly by Penton Publication, Cleveland, Ohio, is
the Machine Design Magazine. This journal features periodic reference issues devoted
to fastening and joining and several other specific fields and areas of application.
The reference issue reviewed for this report contains articles and technical litera-
ture on products ranging from screws, bolts, and studs to special-purpose fasteners
such as spring clips and self-sealing fasteners.

FASTENERS: TYPES, APPLICATIONS, AND INSTALLATIONS

Fatigue-rated structural fasteners are available with straight and tapered
shanks, flush and protruding heads, many alloys ranging from aluminum to titanium, -
and with several types of corrosion-preventive coatings or electrodepositions that
can be applied to provide a fluid-tight condition. N

Installation conditions include: Interference fits, net fits, clearance fits, ,
and taper hole/shank interference fits. Holes can be precision drilled and reemed .
or broached, then coldworked to increase fatigue resistance. S

Fasteners can be installed by squeeze operation, pull or push operation, or
slip-fitted into a hole. Fastener retention is maintained by a torqued nut, a
swaged collar, or by deforming the fastener.

Installation processes vary from fastener to fastener, depending on the appli-
cation and stress limitation. Drilling equipment required to produce holes varies
in price depending upon the size and quality of the hole required. For example, the
Omark-Winslow HS-2 drilling unit averages $1,500 per unit (Figure L). This drilling
unit has very close tolerance and depth stop capabilities, and its use is intended
vhere less sophisticated units are not adequate. They also manufacture large-
cpacity hydraulic drill motors.

Fastener installations are normally one~ or two-man operations. The installa-
tion of titanium RivBolts in the TL7 spar is shown in Figure 5. The C-yoke is
semiportable and requires a spring balance for handling; however, smaller units are
available. Equipment costs are generally low. Maintenance and repair are also low.

A matrix of typical fasteners is included with this report (Table 2). It is
intended to serve as & guide in selecting fasteners for application in various
structural and nonstructural assemblies. A few examples are discussed in the follow-
ing paragraphs.

BUS Fasteners. The Hi-Shear Corporation began marketing a proprietary family
of marine fasteners during the 1960s. The BUS Hi-Lok fastener (Figure 6) is a two-
piece, high-strength, torque-controlled, threaded structural fastener designed
specifically for naval and commercial ship construction. The BUS Hi-Lok consists of
8 high-strength marine-type bolt; a high-clamping nut with a wrenching hex torque-
off feature for torque control; and matching lightweight, air-driven, installation
tooling with Hi-Lok adapters designed for minimal clearances. This system is
designed to provide hole-sealing capability. The manufacturer claims the BUS Hi-Lok
system exceeds the vibration requirement of Mil-Std-167 and the strength requirement
of M{1-B-23470. The Hi-Shear Corporation offers a marine fastener system booklet
that contains this information.

R i e — e e e —————
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Six-Wing Fasteners. The six-wing fastener system is also availahle for high-
tensile strength applications (Figure 7). These fasteners have a unique protruding
torque head and are available for tensile or shear applications as well as high
temperatures. The six-wing series is available in several alloys with tensile
strengths from 160,000 to 2L0O,000 psi. This fastener is designed for joints
requiring high clamp forces, high tensile strength, and fatigue resistance. The
attachment of machinery to the deck or the engine to the engine support mounts are
examples of potential uses. The unique wrenching feature facilitates bholt removal
when replacement or repairs are necessary.

Blind Fasteners. OSeveral proprietary systems of blind fasteners and blind
nuts are available from several sources (Tables 3, L, and 5). These are available
in flush and protruding heads as well as various alloys and heat treatments (see
matrix). The distinguishing features of each fastener vary and depend on design or
intended application.

Tebles 3, 4, and 5 indicate representative fasteners and are not included as
single sources or types. As an example, the Vci-Uhun Visu-Lok is available in cor-
rosion-resistant steel, a flush-head configuration, and can he used for panel
closeout.

Lockbolts., In eddition to the fastener systems mentioned, there are several
lockbolt systems available for consideration. Lockbolts come in various configura-
tions, such as flusk and protruding heads, several allcys ranging from aluminum to
titanium, various protective finishes, and are used for structural joints in ten-
sion and shear applications. Past naval applications have included use of steel
protruding-head lockbolts for attachment of the deckhouse to the deck via & lap
Joint formed by the deckhouse and steel deck coaming. The manufacture of aircraft
requires the installation of lockbolts in many areas. Structural applications
include attachment of window and hatch reinforcing doublers and stiffeners in the
body sections. Primary structural applications include installation of the wedgehead
lockbolt on the aerodynamic surfaces of the wing to make the wing skin/stringer
Joint and for high-shear load-transfer joints or skin splices.

Rivets. Rivets are available in a variety of alloys, heat treats, coatings,
and head configurations, a few of which are shown in Appendix H. Those listed in the
matrix are fatigue rated and fluid-tight rated for structural applications. Rivets
can be installed in thir. sheets (less than 1/8 inch) and thick lap or splice joints;
do not require tight hole tolerances; and are easily installed by hand-driving,
machine-riveting, electromagnetic-riveting, and portable squeeze-riveting processes.
Rivets can be installed in plain holes for interior structural applications or into
countersunk holes for exterior, below-the-waterline, structural applications.
Oqueeze operations are generally throat limited, depending on application. Riveting
the longitudinal framing on modular units and hull plates would minimize distortion
of the structure caused by continuous seam welding. Splice-butt joints, similar to
those in aircraft wing structure, could be applied to primary hull structure
(Figure 8). An example of hand riveting is shown in Figure 9 and of numerically
controlled (N/C) machine riveting in Figure 10.

Modularized or "jumboized" structure could be mechanically fastened with
fatigue-rated fasteners in preassembled units. Attachment of internal structure and
ribbing could t: facilitated by portable rivet-squeeze units, thus eliminating the
need for welding "all around" in aluminum structure.
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Nitinol. The Navy-developed Nitinol alloy offers promise as a riveting mate-
rial. Composed of nickel, titanium, iron, and cobalt in various percentages, Nitinol

" can be formed to & configuration, chilled, and reformed to allow easy installation.

Upon warming, the Nitinol assumes its original formed configuration. Nitinol is
currently being used commercially in tubing fittings and blind fasteners. Grumman
Aircraft is conducting an evaluation program on Nitinol fasteners (Reference (3)).

Drilling Equipment. Rivet installation in large panel areas, such as hull
plates, can be placed on a production basis with the implementation of equipment
similar to the Omark-Winslow track drill and the Boeing electromagnetic riveter
(EMR). Several sources are available for various sizes of portable air and hydrau-
lic power driven feed drill units that are equipped for speeds and feed rates for
steel, aluminum, or titanium.

The track drill (Figure 11) is designed to repea:edly produce close-tolerance
plain and countersunk holes. This unit travels in a vertical or horizontal motion,
is self-indexing, and has a clamp force adjustable up to 1,500 pounds. The drill
unit requires the attachment of a removable and reusable track and one hole initially
for starting. This unit is compatible with a number of fastener systems such as pre-~
cision interference pins, conventional rivets, or lockbolts. The approximate cost of
the track drill is between $8,000 and $30,000, depending on the quantity and special
features. A prototype unit has been tested and found practical. Plans defining the
performance requirements for a production unit are being made.

Electromagnetic Riveting. Electromsgnetic riveting (EMR) is a high-velocity,
single-impact riveting process that converts electromagnetic energy into rivet form-
ing energy. The FMR equipment (Figure 12) consists of a power pack and two, semi-
portable, hand-held rivet guns with special power transmission cables, interconnecting
air systems, and power pack. As compared to large automatic hydraulic riveting machines,
the FMR equipment is substantially lower in initial procurement cost and, furthermore,
features quieter operation and reduced floor space requirements. As compared to con-
ventional hand gun driving, FMR is far superior in quality and repeatability while
the noise level is reduced by several magnitudes (see Table 6). Standard available
aluminum and titanium as well as steel rivets can be used with the EMR process, and
rivet installations are uniform and repeatable with an extremely low rejection rate.
The lower equipment cost (approximately $100,000 for a complete system plus spares)
allows more flexibility in manufacturing rate.

Because of the applied dynamic impact principle in the EMR process, rather than
the static force application in hydraulic machines, the EMR guns can be handheld or
incorporated in a lightweight truss-frame type of structure with practically
unlimited throat depths.

The EMR process was initially developed by The Boeing Company for riveting por-
tions of the large Boeing T4T wing panels, which could not be reached by automatic
riveting machines. The EMR process, however, is generally applicable to any structural
design where fluid-tight, fatigue-critical, and/or large-diameter fastener installa-
tions are a requirement. EMR should not be confused with electromagnetic forming.

Both use electromagnetic energy to accomplish work. EM forming uses a single coil
and rigid backing plate, whereas EMR uses two series coils that deform or upset the
rivet placed between them.

The EMR system is composed of a capacitor bank and two coils, each abutting
against a copper-faced driving ram. The coils are contained in two separate hand-
held EMR guns. The work cycle consists of charging the capacitor bank to a preset
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TABLE 6

INTERFERENCE PROFILES—-HAND DRIVEN—EMR3

.
o} —_
wiveRsaL ‘ suc
NEAD BIVEY . avey
atroms ‘ serone
ITaLLATION pa7 INSTALLATION
—

—d

« T 0 402
34 D1a, MaND ORIVEN RIVETY

P L e
T ,
e SL A

020

-

N P
8 v1a. Emt HivET

-
[T omrearentnce mance
EQUIPMENT/PROCESS COMPARISONS | or9e r‘:;”;:a"':’:‘f:ﬂ 2’:‘::;‘;'9 EMR
Fatigue Rated Capability ................ Excellent Good Excellent
Noise .. ... ., High Very High Low
Maximum Practical Aluminum ;
Rivet Capability. ...................... 1/2"dia. 3/8"dia. 5/8"-3/4"dia.
Pane!l Size Capability................... Limited Unlimited Unlimited
Cosmetic Quality ...................... Excellent Poor Excellent
Reject Probability ..................... low High Very low
Structural Distortion/Domage Probability.. .| low High low
System Maintenance.................... High Very Low Low
Maximum Rivet to Rivet Rate ( 3/8"dia.)..| 7/minute 4/minute 20/minute
Direct labor Ratio ..................... 0.85 2.1 1.0
Procurement Cost ............. e Very High Minimel Relatively Low
Operator Fotigue . .. ................... Low Very High low
*Reprinted from EMR brochure.
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TABLE 7
EMR TECHNICAL INFORMATION--BOEING 747 PRODUCTION SYSTEM ?

Maximum Proven System Capability ( Fatigue Rated Interference Profile )

Aluminum Rivets. ... ... ... 3/8" diameter x 1" grip

Titanium Rivets { Beta 1l ).........covvveii i, 1/4" diameter x 1/2" grip

Stainless Steel Rivets ( A=286 ). ..ocvvviiiiiiniiinnn., 1/4" diameter x 1/2" grip

Deformation Time.................coeieeeeeeeiiieeeeei, 5x10™* Second

Deformation Energy. ... ....... ... ... ... ... .. 400 Ft. - |Ibs. (Equivalent to 30,000 lbs.

static force.)

Power Pack

Maximum Stored Energy Rating.......................... 6500 Joules
Energy Requirement (3/8" dia. Alum.Rivet)... 2600 Joules ( 3800 Volts )
Maximum Charge Voltage ............c...cocoviiiiinn, 6000 Volts
Maximum Cycling Rate ..................civveiivn e, 20 per Minute
Input Requirements
Electrical ... 440 Volt - 3 phase
AT 90 psi
Dimensions .. ... 36" wide x 48" high x 60" long
WEIght - oeeeeie e 2€00 pounds

Hand Guns

Body Size . ... . i 6-1/2" dia. x 15-1/2" long

Overall Length ..ottt e 23-1/2"

Junction Box Protrusion........vver tiiiiiiiiis v, 6"

Recoil Mass (Internal }....ooovveeiiiiiiiiiii i, 45 pounds

Total Gun Weight (each )..............ccooeviiiiiin... 75 pounds ( Used with counter balance )

Gun Power Cables

L5 LT Multiple Low Inductance Coaxial

Minimum Bend Radius ....oovvvveiiiiiice e 10"

Protection ...t Individual coaxial insulation with armored
sheathing plus neoprene sheathing.

Length ..o Cables are custom designed for specific

applications as part of a " tuned " circuit.

Coils
DImeNsiONS . .. ot e e 5" dia.x 3/4" thick
Life ( Driving 3/8" dia. Alum, Rivets)................ Over 10, 000 shots

*Reprinted from EMR brochure.
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voltage level, followed by a rapid discharge through the series-connected coils.
Synchronized by the current, the guns produce electromagnetic forces on the drivers,
rapidly forming a rivet with equal and opposite forces (see Table T). The EMR process
can be used with several commercial rivet configurations and is not dependent upon
high-cost proprietary fasteners. The cost of producing holes for the EMR is lower
than with other fasteners such as lockbolts and requires a less expensive fastener.
EMR, when used in conjunction with the track drill, affords a cost-effective

production capability for structural fastener installation (Figure 13) but is capable
of functioning independently. Advantages of EMR are:

a) Proven performance in production of Boeing T4T wing panels

b) A high-rate installation capability (up to 20 rivets per minute)

c) Built-in repeatability and quality assurance

d) Interference profiles in thick material stacks not achievable with
other riveting processes

e) Rivet head uniformity

f) Low-noise operation

g) Minimum operator fatigue

h) Low operator-skill requirement

i) Rapid change, conventional rivet dies

J) Relatively low capital acquisition cost

k) Minimum floor space requirement

1) Belanced impact forming of rivet to minimize structural distortion
m) Growth potential for larger rivet installation and bolt replacements
n) Manufacturing rate flexibility.

Cold Expansion Sleeve System. Under applied load conditions, each hole has
associated with it a region of stress concentration where the applied stresses are
magnified from two to three times their normal value. Hole expansion by coldworking
successfully reduces the effect of this stress concentration by causing compressive

radial stresses to remain around each hole. These residual compressive stress fields
effectively prevent part failures from originating at the holes.

The cold expansion sleeve system (Figure 14) is a Boeing-developed process used
for increasing the fatigue life of metal structures (aluminum, titanium, and steel)
by causing compressive residual stresses around the fastener hole. The system consists
of the radial expansion and sizing of fastener holes to achieve greatly improved
fatigue performance while simultaneously reducing installed-fastener cost through the
flexibility provided in fastener selection. Low-cost fasteners can be used in cold-
vorked holes without reducing the fatigue rating. Rivets or lockbolts can be used
instead of more expensive fatigue-rated fasteners.

RO U P S
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Radial expansion of the fastener hole is achieved by pulling a hardened steel
mandrel through a patented prelubricated sleeve using either a power or manual puller
(Figure 15). Once coldworked, the sleeve is removed and the fastener is installed.

The cold expansion sleeve system can be used with several different fasteners, includ-
ing lockbolts and conventional rivets. For close-tolerance or interference-fit

precision-shank fasteners, it is necessary to ream or broach the hole tc size after
coldworking.

Urawing the mandrel through the split sleeve causes a radial plastic flow of
petal. Compressive stresses will be found surrounding the coldworked hole for a
distance extending approximately one radius from the edge of the hole. This compres-
sive stress region provides fatigue protection for a fastener hole. The compressive
residual stresses oppose the applied tensile stresses and act as an obstacle to the
initiation and growth of fatigue cracks.

The distance from the edge of the coldworked hole that the compressive residual
stress extends depends upon the amount of hole expansion. Extensive testing has been
conducted to determine the optimum expansion range that occurs during coldworking.

The cold expansion sleeve system has s number of advantages: (1) It allows
greater expansion of fastener holes than previously used methods, (2) the process
produces a controlled amount of coldworking, (3) use of the prelubricated sleeve
reduces problems of galling and tool breakage, (L) all work can be accomplished by
one man from one side of the structure. The sleeve process is for a high degree of
coldworking (large radial expansion), but a straight mandrel process is also avail-
able. A solid, one-piece, tungsten carbide mandrel is being used to coldwork holes
in high-strength steel (300 ksi) on the TLT.

Honeycomb and Sandwich Panel Fasteners. Lightweight nonstructural bonded panels
are being incorporated into shipbuilding. This type of structure requires special
fasteners and installation techniques for attachment of support equipment and panel
installation.

Honeycomb seandwich structure provides optimum strength-to-weight ratios as well
as thermal and acoustic insulation. Methods of Joining sandwich panels and making
attachments to sandwich panels vary considerably.

Fasteners for sandwich or honeycomb structure are available commercially from
several manufacturers such as the Shur-Lok Corp.; Voi-Shan, a division of VSI Corp.;

or the Delron Co., Inc. Table 8 is an example of sandwich panel fasteners from the
Delron Company, Inc.

Before selecting a fastener, load considerations must be made for tension, shear,
or torque loads. The type of adhesive used in the sandwich and the physical properties
of the sandwich must be known. Once these questions are answered, the designer can

choose the suitsble fastener. Additional considerations for proper fastener selection
should include:

a) Type and size of fastener to be used
b) Blind or through-hole fastener

¢) Flush or protruding head
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d) Torque requirement of threaded types
e) Fastener material

f) Environmental temperature

g) Molded-in or mechanical connection

h) Fastener and sandwich material compatibility.

IID. EXPLOSION BONDING

The explosion bonding process of joining dissimilar metals was first developed
for the chemical and aluminim processing industries. Its potential for marine appli-
cations was recognized by Naval architects a’.d manufacturers of the material. Exten-
sive testing to determine the physical properties and corrosion resistance of the
clad materials has and is being conducted.

Increased use of electronic equipment aboard ships for communication and naviga-
tion and the demand to lower topside weight, increase maneuverability, and reduce
ballast led to the introduction of aluminum superstructures. Initial installation
techniques used lockbolts and sealants. As this method proved unsatisfactory, the
clad materials have heen implemented as transition joints between the aluminum deck-
houses and steel decks. Known as bimetallics and trimetallics or transition inserts,
these clad materials have been used in some shipyards. These materials are being
designed into new ships in other applications.

Physical and mechanical properties of these materials, as well as several
proposed applications, are elaborated upon in this section of the report.

The explosive bonding process was developed by E. I. du Pont de Nemours and
Company in the late 1950s. Several years of extensive laboratory testing were con-
ducted, ultimately resulting in commercial production of corrosion-resistant clad
metals designed primarily for the chemical industry.

The procedure for achieving an explosive bond consists basically of placing
the cladding plate above and parallel to a base plate. An explosive charge is then
placed over the entire surface of the cladding plate and detonated from one end.
The detonation travels at a rapid rate, up to 28,000 feet per second, gererating an
estimated pressure of 4,000,000 psi in the vicinity of the detonation (Figure 16
and Reference (L)).

The interface formed by the impinging metal causes a fluid-flow phenomenon or
"Jetting". The jetting that occurs removes oxides and foreign materials between the
two plates. The resulting metallurgical bond is of a strength greater than the weaker
of the two sheets. Hundreds of metals have been clad or bonded either to similar or
dissimilar metals (Tables 9 and 10 and Reference (5)). Many of those listed in the
tables were fabricated in small strips and samples to establish feasibility and are
not available commercially. Other materials were clad but not reported for proprie-
tary or classified reasons or for not being applicable to ship construction.

e e ey




~32-

Explosive

Detonation ———

: 's Cladder plate

}—— Standoff

Backer piate

FIGURE 16

SCHEMATIC OF EXPLOSION BONDING PROCESS ILLUSTRATING JETT!
NG
PHENOMENON WHICH REMOVES OXIDES AND FOREIGN MATTER

FF. ™M SURFACES BEING JOINED

TABLE 9

METALS THAT HAVE BEEN EXPLOSIVELY BONDED TO THEMSELVES?

SR

Ferrous metals

Low-carbon steels 1004-1020
Medium-carhon steel ASTM A-285
Medium-carbon steel ASTM A-201
Medium-carbon steel ASTM A-212
Low-alloy steel ASTM A-204
Low-alloy steel ASTM A-302
Low-alloy stecl ASTM A-387
Alloy steel AIS1 4130

Alloy stee! AISI 4340

Stainless steel type 200 series

Stainless ste.el 17-7PH
Stainless steel type 301
Stainless steel type 304
Stainless steel type 321
Stainless steel type 347
Maraging steel, 18% nicke!
Ductile cast iron

Nonfer

rous metals

Aluminum 1100
Aluminum 2024-T3 and -0
Aluminum 2214-T6
Aluminum 5083-H24
Atuminum 6061-T6
Atuminum 7178-0
Aluminum 7075-T6
Aluminum 1100/1.5 lithium
Copper

Brass

Cupro-nickel

Bronze

Beryllium copper

Nickel
Titanium-commercially pure
Titanium-6Al-4V
Titanium-5A1-55n-52r
Titanium-8Al-1Mo-1V
Titanium-13V-11Cr-3Al

Zinc

3E xtracted from DMIC document 225, Explosive Bonding, Linse, Whitman,

and Carlson, Battelle Memcrial Institute
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TABLE 10
DISSIMILAR METAL COMBINATIONS THAT HAVE BEEN EXPLOSIVELY BONDED?

Low-carbon steels 1004-1020 to:
Stainless steel—ferritic
Stainless steel —300 series
Stainless steel—200 series
Ductile cast iron
Malleable cast iron
Aluminum and aluminum alloys
Copper
Brass
Cupro-nickel
Nickel
Zinc
Titanium

Medium-carbon steels ASTM A-201

and A-212 to:

Stainless steel—300 series
Stainless steel—200 series
Afuminum and aluminum alioys
Copper
Brass
Cupro-nickel
Bronze
Nickel and nickel alloys
Titanium and titanium alloys
Titanium 35A

Medium-carbon steel ASTM A-286 to:
Stainless steel—ferritic
Stainless steel—300 series
Stainless steel—200 series
Aluminum and aiumirum alloys
Copper
Brass
Cupro-nickel
Bronze
Nickel and nickel alloys
Titanium
Titanium-6Al-4V

Low-alloy steel ASTM A-204 to:
Stainless steel—300 series
Stainless steel—200 series
Aluminum and aluminum alloys
Copper
Brass
Cupro-nickel
Nickel and nickel alloys
Titanium and titanium alloys
Hasteliroy B, C, F
Hastelloy X

Low-alloy steel, ASTM A302 to:
Stainless steel type 410
Stainless steel—ferritic
Stainless steel—300 series
Stainless steel—200 series
Aluminum and aluminum alloys
Nickel and nickel ailoys
Titanium and titanium alloys

Alloy steel AIS1 4130 to:
Stainless steel—300 series
Aluminum 2014-T6 and -T3

Alloy steel AISI 4340 to:
Stainless steel—300 series

Maraging steel to:
Stainless steel~300 series

Hadfield steel to:
Aluminum and aluminum alloys

Stainless steel—200 series to:
Low-carbon stee! AISI 1004-1020
Medium-carbon steel ASTM A-285
Medium-carbon steel ASTM A-201
Medium-carbon steel ASTM A-212
Low-alloy steel ASTM A-204
Low-alloy steel ASTM A-302
Low-alloy steel ASTM A-387
Aluminum and aluminum alloys
Brass

Stainless steel—300 series to:
Low-carbon steel AISI 1004-1020
Medium-carbon steel ASTM A-285
Medium-carbon steel ASTM A-201
Medium-carbon steel ASTM-A-212
Low-alloy steel ASTM A-204
Low-alloy steel ASTM A-302
Low-alloy steel ASTM A-387
Alloy steel AISI 4130
Alloy steel AISI| 4340
Maraging steel
Aluminum 6061-T6
Copper
Brass
Nickel and nickel alloys
Titanium and titanium alloys
Molybdenum

Stainless steel type 301 to:
Stainless steel type 347
Titanium-6Al-4V
Aluminum 2219

3g xtracted from DMIC document 225, Explosive Bonding, Linse, Whitman, and

Carlson, Battelle Memorial Institute
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TABLE 10 (CONCLUDED)

Stainless steel type 304 to:
TD nickel-chromium

Stainless steel type 321 to:
Stainless steel type 347

Stainless steel type 347 to:
Stainless steel type 301
Stainless steel type 321
Hastelloy X
Atluminum 6061-T6

Stainless steel—martensitic, type 410 to:
Low-alloy steel ASTM A-3870

Stainless steel—ferritic to:
Low-alloy steel ASTM A-387
Medium-carbon steel ASTM A-285
Low-carbon steel AiSI 1004-1020
Titanium and Titanium alloys

Aluminum and aluminum alloys to:
Low-carbon steel AISI 1004-1020
Medium-carbon steel ASTM A-285
Medium-carbon steel ASTM A-201
Medium-carbon steel ASTM A-212
Low-alloy steel ASTM A-212
Low-alloy steel ASTM A-302
Low-alloy steel ASTM A-387
Stainless steel —300 series
Stainless steel—-200 series
Copper
Titanium and titanium-6AI-4V

Aluminum 1100 to:
Titanium-6Al-4V
Aluminum 1100/1.5 lithium

Aluminum 2014-T6 to:
Alloy steel AIS! 4130

Aluminum 2219 to:
Stainless steel type 301

Aluminum 6061-T6 to:
Beryllium copper
Stainless steel type 347
65% beryllium-35% aluminum
Titanium-6Al-4V
Zircaloy-2
Molybdenum

Brass alloys to:
Low-carbon steel AISI 1004-1020
Medium-carbon steel ASTM A-285
Medium-carbon steel ASTM A-201
Medium-carbon steel ASTM A-212

Low-alloy steel ASTM 204
Low-alloy steel ASTM A-302
Cast steel

Stainless steel—300 series
Stainless steel—200 series
Nickel and nickel-base alloys

Cupro-nickel alloys to:
Low-carbon steel AISI 1004-1020
Medium-carbon steel ASTM A-285
Medium-carbon steel ASTM A-201
Medium-carbon steel ASTM A-212
Lowe-alloy stee! ASTM A-204
Low-alloy steel ASTM A-302

Bronze alloys to:
Medium-carbon steel ASTM A-285
Medium-carbon steel ASTM A-201
Medium-carbon steel ASTM A-212
Alloy steel 4340
Alloy steel A6

Nickel and nickel-base alloys to:
Low-carbon steel AISI 1004-1020
Medium-carbon steel ASTM A-285
Medium-carbon steel ASTM A-201
Medium-carbon steel cSTM A-212
Low-alloy steet ASTM A-204
Low-alloy steel ASTM A-302
Low-alloy steel ASTM A-387
Stainless steel—300 series
Brass
Titanium and titanium alloys
Copper
Nickel and nickel-base alloys

Columbium and columbium-base alloys

Tungsten
lconel X

Titanium-6Al-4V to:
Stainless steel type 301
Aluminum 1100-0

Titanium and titanium alloys to:
Medium-carbon steel ASTM A-285
Medium-carbon steel ASTM A-201
Medium-carbon steel ASTM A-212
Low-alloy steet ASTM A-204
Low-alloy steel ASTM A-302
Low-alloy steel ASTM A-387
Stainless steel—ferritic
Stainless steel—300 series
Maraging steel
Aluminum alloys




~35-

In mid-1966, development work was star‘ed to produce a bimetallic transition
insert for Joining aluminum bus to steel anodes and cathodes in alumimum smelting
plants. This Joint used 1100 aluminum and 1008 steel.

BONDED SHEET

Recognizing the need for a marine industry application, Du Pont started develop-
ment in 1966 of a clad sheet that would facilitate attaching the sluminum superstruc-
ture to the steel deck. The resulting bonded sheet is a triclad employing alumimum
alloy S456 bonded to A516 Grade 55 steel with a commercially pure 1100-series alum-
inum interface between the structural materials. The 1100-series alumimum makes a
significant contribution to the ductility and impact resistance of the triclad. The
resulting thickness is 1-3/8 inches. A similar product, Transition Insert, is produced
commercially by the Kaiser Alumimum Co. (Reference (6)) and Northwest Technical
Industries, Inc., of Port Angeles, Washington. The final product is a purchased item
available in sheet or strips and is not aen item that requires bonding in the ship-
yards. Mechanical cutting to the desired part configuration is performed in the
shipyard.

Most commercial applications encountered to date utilize Du Pont's Detacouple/
Detaclad sheet and plate. Thicknesses range from a few thousandths of an inch to
over a foot, while the cladding metal thickness varies from 0.0001 to 1-1/2 inches
(Reference (T)). The bimetallic sheet is produced in the same manner as the triclad
but does not have the 1100-series alumimum alloy in the interface and can be of
numerous alloy combinations. Standard welding techniques available in shipyards are
acceptable for fabrication with this material. As with all inert gas welding techni-
ques, however, adequate provisions for protection from the elements should be provided.

TUBE CLADDING

Successful tube-cladding experiments have been conducted resulting in bond
combinations for tubes in the 1/2- to 8-inch-diameter range. Materials that have been
bonded include: Inconel and Ziracaloy, stainless steel and Ziracaloy, stainless steel
and 6061-T6 aluminum, stainless steel and aluminum, 6061-T6 aluminum end titenium,
and 1100 aluminum and magnesium (Reference (8)). Tubing can be clad internally or
externally, depending on the design application.

Applications for explosive bonding include tubular cladding in condenser or
heat-exchanger applications and underwater spot welding of dissimilar metals without
removing the water interface; both processes were developed by Battelle Institute
(Reference (5)). These processes afford the possibility of cladding stern tubes and
rudder stocks in aluminum or other dissimilar structure to eliminate galvanic couples.

CORROSION TESTS

Several seawater/salt-spray corrosion tests are currently under way, the most
extensive being conducted by International Nickel Co., at Wrightsville Beach, North
Carolina. In conjunction with Du Pont, several samples of the Detacouple strip were
welded to 5456 aluminum alloy and mild steel panels and have been subjected to
splash-spray tests in excess of 5 years.

A graph of the result of the unpainted sample is shown in Figure 17. Galvanic
corrosion penetration has reached approximately 0.063 inch in the unpainted samples.
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Initial samples demonstrated the corrosion resistance of the bond zone. The initial
corrosion product, hydrated aluminum oxide, occupies a larger volume than the alum-
inum consumed and acts to seal the area from additional corrosion (Reference (9)).

An identical series of corrosion tests for painted samples is currently being
conducted in conjunction with the unpainted samples. The painted samples were
scratched across the bond zone to simulate localized paint failure. No significant
corrosion or pitting was noted after 27 months of continuous testing (Table 11).

MECHANICAL PROPERTIES

Mechanical property tests have been conducted by Du Pont (Table 12); Boeing
{Reference (10)); and the Naval Ship Research and Development Center (NSRDC) Ref-
erence (11). Results of these tests are documented by the respective agencies.
Results of these tests and the fatigue tests conducted by Du Pont (Table 13 and
Reference (12)), can be summarized by the following:

a) Explosive bonded samples meet or exceed the claims made by the manu-
facturers.

b) Fracture along the aluminum-to-steel interface of a composite could not
be induced by shear or tensile stress if applied evenly to both gides
of the bond on eque’ and continuous areas.

c¢) Fatigue tests yielded no failures in the bond zone.

d) Continuous salt-spray corrosion tests and user contacts show the material
to be acceptable for use in the saltwater environment with only minimal

maintenance.

e) Use of clad materials is a cost-effective method of fabrication and in
many cases offers an attractive alternative (Table 14 and Reference (13)).

SUPERSTRUCTURE/DECK INTERFACE

One major structural area where galvanic couples have caused problems has been
in the attachment of aluminum superstructure to primary steel-hull structure. The
initial methods for this attachment involved applying primers and sealants to the
faying surfaces, fastening with steel lockbolts, and fillet sealing. This method
has proved troublesome from a maintenance standpoint as sea action has caused fasteners
to shear or loosen.

A typical installation of Du Pont's Detacouple as a transition Joint for alum-
inum deckhouse to steel deck joints is shown in Figure 18 (Reference (13)).

INSTALLATION COST STUTIES

Installation cost studies conducted by Hunter's Point Naval Shipyard in 1972
reported the installation cost using Detacouple to be lower than a similar Joint
made with lockbolts (Table 15). While the initial costs for first-time installation
show only a 14¥% savings over the lockbolt assembly method, it is their estimate and
opinion that an additional 10% saving will result from (1) reduced forming costs for
the Detacouple with the use of dies, (2) greater efficiency by mechanics as they

o e
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TABLE 12

MECHANICAL TESTING OF EXPLOSION-BONDED TRANSITION JOINTS?

Description of test and specimen

Specimen condition

Results

Remarks

Standard 1am tenside, tewting 1100 stuminumy As clad 20,000 psi typcal Brobee at 1100 aluminum/
A 516 gr 55 steet intertace ultimate tensile steel intertace
As welded ! 15 000 g typical Broke at 1100 aluminum/
ultimate tensile steel interface
E xtended ram tensile, testing strength of As clod 18,500 ps tygncal Broke in 1100 atuminum
the 1100 aluminum interlayer ultimate tensile
As weldedb 13,500 ps typecal Broke in 1100 alurmnum
ultimate tensile
Trigsle-lug shear ASTM A 263 As clad 14,000 ps: typical Shearing of the 1100
shear stre.s aluminum
As wcldndb 11,000 ps: typical Shearing of the 1100

shear stress

aluminum

Welded tensile; 1/4.in thick 5456 aluminum
plate welded to 1.n. transition joint
welded to 1/4.4n. mild steel

As clad and welded

51,600 ps typical
ultimate tensile

Faded in 5456 aluminum
plate at heat-attecied
r0ne

Charpy V ASTM A 370

Testing A516 steel

Specimen cut from steel portion
of clad paratlel to interfuce
{a) Notch in steel below bond
rone
{b) Same a3 above Lut noteh
at underside of steel

60-130 f1-Ib

70-130 ft 1b

All tests carried out at
15° ¢ €

120D {unnotched)

1/2-in. 1100 alurminum 1-1/2-in. 1008 stee!

As-clad sample cut perpendi
cular 1o plane of clad
Gnip on steel, impact on

Tearing of aluminum

No debonding or separa-
tion of the aluminum/
stee! interface

aluminum
Drop waight test, £-208-66T, type P-2; As clad NDT-15° F No debonding and no
1/2 . 1100 sluminum on A516 gr. crack propagation into
55 stosl the sluminum layer
Shear test (A-263) atfter thermal cycling As clad 14,000 psi typical

between 500 F and water (80°F), 2500
cycles; 1/24n. 1100 aluminum/1-1/2-in.
1008 steel

shear strength

%intormation trom Marine Technology, July 1971
me trested st BOOPF for 1/2 hour in ar 10 exaggerate heat during welding. Decrease in strength is dus to pertisl annealing

of the 1100 sluminum.

CTypicsl requirement for shipboard application is 15 f1-1b at 15° F.
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TABLE 15

ALUMINUM DECK HOUSE FABRICATION COST ANALYSIS3

Labor in manhours Estimated
item per linear foot Boeing
Shop Lockbolt Detastrip Costs
Loft templates 1" 0.09 .080 $0.09
Duplicate loft templates 11 0.0% .070 0.08
Fabricate steel coaming 11 0.17 100 0.17
Drill holes {3/8 inch holes, 18/linear foot) 1 1.08 N/A 0.64

Install gasket material 1 0.02 N/A N/A®*
Install lockbolt {18/linear foot) 11 0.90 N/A 0.02
Cut to length and bevel {Detastrip) 1" “N/A 110 N/A
Form Detastrip (radius corners) 1 N/A .067 N/A
Fit up Detastrip (align) 1 N/A .359 N/A
Fit up Detastrip (tack) 26 N/A .164 N/A
Weld Detastrip to coaming 1/4 inch 26 N/A 184 N/A
Weld Detastrip to BHD 3/8 inch 26 N/A .365 N/A
Weld tee joint (Detastrip) 26 N/A 109 N/A
Weld butt joint (Detastrip) 26 N/A .067 N/A
Weld stiffener to Detastrip (aluminum) 26 N/A 034 N/A
Drill holes {3/8 inch holes 12/stiffener) 11 0.1 N/A 0.43
Install lockbolts {12/stiffener) 1 0.10 N/A 0.01
Straight bulk head, Detastrip welded 1 N/A .280 N/A
T otal manhours/linear foot 255 1.989 1.44
L.abor cost at $12.00/manhour/$10.50 (Boeing) $30.60 $23.89 15.12
Material $12.60 $13.22 12.60
Total cost/linear foot $43.20 $37.11 $27.72

Savings per foot: $43.20 - $37.11 = $6.09/linear foot/$15.48 per linear foot-Boeing

Note: 1. Detastrip fabrication values were obtained from direct time study of a mock up per

code 138 sketch MF1 48-72.

2. Values for lockbolt fabrication were obtained from ’E’’ standards 383.2-0517,

0643, and 0612.

3. Boeing estimates for lockbolt installation were conducted by Industrial Engineering

and based on the production capabilities and labor cost at Boeing.

Hote preparation with Quackenbush QOA-11 to drill ream, countersink, and apply
SRF and install cadmium-plated sheet lockbolt in standard manhour (SMH) is:

Item Per hole Per foot Per stiffener
Hole preparation 0.0356 SMH 0.64 SMH 0.43 SMH
Fastener 0.0001 SMH 0.02 SMH 0.01 SMH
Total 0.66 SMH 0.44 SMH

*N/A — Not applicable
**N/A - Note: If two coats of BMS 10-11 H(SRF) type 1 are used, no gasket material
would be required.

®information extracted to include Boeing cost estimates from Hunter Point
Naval Shipyard report 2-0094, and modified
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become familiar with this fabrication method, (3) use of mechanized welding to reduce
welding cost, and (L) greater overall efficiency for all operations due to refine-
ment in production sequences eand techniques (Reference (13)). It could also reduce
costs by eliminating requirements for stocking lockbolts and purchasing the tooling
required for their installation. This test represented a first-time use of Detacouple
compared to 12 year's experience using mechanical fastening techniques. Boeing Indus-
trial Engineering has conducted a similar cost analysis of the lockbolt joining
method. Using the tooling date from the Hunter's Point study, the total installed
cost per foot of lockbolts is $27.72.' Use of aircraft fabrication techniques results
in savings of 36% when compared with the shipyard installation of lockbolts.

Tacoma Boat Building Company, Tacoma, Washington indicates a man-hour labor
saving of $5.00 per foot when using 345 feet of Detacouple to attach the aluminum
deckhouse to steek deck on a tuna seiner. (This figure is based on labor rates only
and does not include material cost. Cost studies indicated deckhouse fabrication
rates tc be 7.3 feet per hour for Detacouple as compared to 3.6 feet per hour for
similar lockbolt installation methods.) The customer benefits from lower fabrication
costs in addition to lower maintenance requirements (Reference (1h4)).

MACHINERY AND EQUIPMENT ATTACHMENT

Two areas subject to galvanic corrosion in aluminum structure involve outfitting
and systems attachments. These areas encompass everything from the mounting of deck
machinery to the attachment of nameplates and operating instructions.

Due to strength considerations, cost, and availability, most deck machinery is
fabricated from steel and iron. While this does not present a problem in conventional
steel ship construction, it does compound problems when the same equipment is attached
to aluminum structure.

The current method of attaching steel deck machinery and related equipment to
aluminum structure requires the use of primers, leaded paints, neoprene gaskets,
sacrificial pads, phenolic bushings, and liberal applications of sealant around Joints.
This method is not only time-consuming, costly, and inefficient, but also requires
repeated applications when sacriffcial pads corrode or paint and sealant are damaged.

An alternate method to this approach, still allowing the use of conventional
deck gear, would be to use the bimetallic sheets as pads to interface the steel
machinery to the aluminum deck. With this approach, the deck machinery could be
welded or mechanically fastened directly to the deck through compatible meterials
and would not require costly maintenance. Several suggested applications of explo-
sion bonded materials are shown in Figure 19.

The Alcoa deep-reaching oceanographic research vehicle, Seaprobe, uses Deta-
couple mounts to attach equipment supports to the aluminum structure.

Northwest Technical Industries, Inc. (NTII) is currently working with Boeing to
produce & reinforced explosive-bonded aluminum skin for the Space Shuttle program.
Eight by 10-foot sheets of 2219 aluminum have had 12-inch-square plates of 2219
aluminum explosively bonded in places where cutouts will be made in the skin. These
plates serve as reinforcements and eliminate the need for steel reinforecing doublers
or thick plate sculpturing and machining.

e e = T gy i o S < ———  m—————— -
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NTII also produces chill bars used for welding thin-gage aluminum by explosively
bonding copper and aluminum. Thinner copper blocks are used over the standard solid
copper block, thus lowering the cost of the chill bars.

The current design and development effort by Pittsburgh-Des Moines Steel and
General Dynamics to fabricate liquid natural gas tankers uses Detacouple in attach-
ing the steel support skirt from the primary structure to the 25,000-cubic-meter
aluminum LNG spheres (References (15) and (16)).

ITE. ADHESIVE BONDING

The demand for high-performance military aircraft, reliable commercial transpor-
tation, and strong lightweight space vehicles has hastened the development of light-
weight, high-strength-to-weight-ratio honeycomb sandwich panels and structures.
Bonded honeycomb sandwich materials are incorporated into aircraft as flight con-
trol surfaces (flaps, ailerons, and rudders), as acoustical attenuating structures
on turbine inlet and exhaust ports, or as insulating walls of cyrogenic tanks of
space vehicles.

Information on the thermal properties, structural limitations and applications,
and fatigue resistence of adhesive-bonded structure is available through government
agencies such as the Air Force and NASA. Sections of the Boeing Design Manual, Sec-
tion 26, on adhesive bonding have been included with this report for reference
(Appendix I).

The state of the art in adhesive bonding in the aerospace industry has progressed
significantly in the past 20 years. Advances in polymer chemistry have made possible
the development ¢ new adhesive systems with high strengths, good environmental resis-
tance, excellent ranufacturing properties, and moderate costs. The ultimate perfor-
mance of the adhesive systems are highly dependent on the surface preparation process
of the mateiials to be bonded. Materials such as wood, GRP, or glass may be prepared
for bonding by a simple solvent wipe and/or light abrasion. Consistent, high-quality
bonds in metal surfaces normelly require a chemical-immersion-type prebond treatment.
The state of the art of surface preparation for aluminum is far more advanced than
for other metals such as steel, titanium, or magnesium. (The highest percentage of
adhesive-bonded structures in aerospace applications involve aluminum alloys.) New
full-curing chromated adhesive primers allow long-time storage (up to 12 months) and
handling of parts to be bonded before final curing; they also provide much improved
environmental resistance in the bond faying surfaces. Although bonding directly to a
steel surface is not generally considered a good adhesives application, bonding to a
chromated primer on an abraded steel surface should provide acceptable results for
secondary structural applications.

Adhesive bonding of steel has not received as great an emphasis because of its
lower strength-to-weight ratio as compared to aluminum or titanium. In general, low-
carbon steels are normally sand-blasted or vacu~blasted with aluminum oxide particles
to remove lubricants and scale prior to bonding. As indicated above, a good chromated
primer may then be applied or if the adhesive system to be used has a primer system
of its own, it should be applied. The more common adhesives like the epoxies, phenolics,
nitrile-phenolics, etc., normally have primer systems that provide better wetting of
the surfaces to be bonded. Considerable evaluation of chemical treatment of steel to
prepare the surface for bonding has been performed recently, primarily on AISI 300~
series stainless steel, but also on low~ and high-carbon steels and high-strength
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alloy steels. Most of the treatments are satisfactory for bonding where the stress
levels are quite low and are pointed primarily at nonstructural applications such as
rub strips and fire shields. To bring the confidence level in bonded steel up to the
level that prevails for aluminum, an extensive test program would be necessary. Such
a program must consider surface treatment and long-term exposures (15-20,000 hours)
in high humidity and salt spray and also at intended operational temperatures. The
bonded specimens should be exposed to the various environments while under stress to
obtain the most meaningful results. This type of testing necessarily is expensive and
requires an extended test schedule.

Adhesive bonding can be considered as a fastening technique for noncritical,
structural applications, especially on the newer type ships such a hydrofoils and
surface-effect vessels where aluminum structures are more common. Even on steel struc-
tures, however, adhesive bonding can be used to an advantage over classical welding or
mechanical fastening techniques, especially where dissimilar materials are involved.
The adhesive provides an excellent barrier between the dissimilar materials to prevent
galvanic corrosion. Two-part adhesive systems can be used to provide very short cure
cycles--as short as 2 minutes--or thermosetting materials can also be used with short
applications of heat in the 300°-400° F range for cure. Bonding pressure can be sup-
plied through mechanical clamping devices, simple vacuum bagging techniques, or
through clamp-up pressure supplied through the use of bolt-type fasteners that can
be removed after the adhesive is cured or be retained in the assembly. For example,
the flanges on noneritical duct work or piping can be bonded together when they are
installed. Either two-part or thermosetting adhesives can be used. If & thermosetting
adhesive is used, heat lamps or an electric blanket or heated pads on mechanical
clamps can be used to cure the adhesive. Pressure can be supplied through clamps or
fasteners through the flanges. The fasteners can be removed after the adhesive is
cured or left in place unless dissimilar materials are involved and then could still
be used if some dielectric jacket material were used to separate the dissimilar
materials. Bond strengths from 1,000 to 5,000 psi in shear or flatwise tensile can be
developed, depending on the specific adhesive materials used and/or the particular
means of cure and pressure application.

Generalized statements on adhesive applications cannot be made. Each particular
type of structure, material combination, fabrication sequence, etc., requires indi-
vidual consideration to obtain the optimum physical properties from the materials as
well as the most economical cost.

With the exception of the chemical processing requirement for surface prepara-
tion of aluminum, most two-part adhesives and the fast-curing thermosetting adhesives
can be handled and applied in normal shipyard conditions. Personnel working with the
adhesive materials must be trained in their handling, application, and curing. Writ-
ten instructions alone should not be considered adequate.

Another consideration for adhesive bonding as & fastening technique is the Join-
ing of noncritical structural parts rather than welding or using mechanical fasteners.
For example, nonstructural bulkheads fabricated as skins with welded or riveted
stiffeners could be changed to adhesive~bonded stiffeners or have honeycomb sand-
wich structure substituted in their place. In addition to bulkheads, modular-type
divider panels in crew quarters or office spaces on large ships, partitions in heads,
galley cabinets, decorative interior panels, and some types of floor structure all
lend themselves to bonded sandwich-type structures. This is especially true in alum-
inum structure. It is also assumed that the newer surface-effect ships or hydrofoil
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ships are more weight-critical than some of the larger, steel-~hulled ships, and the
higher strength-to-weight ratio of bonded sandwich structure could prove advantageous.

Since many of the newer ship designs are powered by gas turbine engines, sonic
fatigue of the structure closely adjoining the powerplants can be a problem. Bonded
structure is often superior in sonic fatigue resistance compared to conventional
structure. Tnterior paneling, whether decorative in nature or as nonwatertight bulk-
heads, can be febricated from bonded sandwich and be both light in weight and low in
cost. Also associated with the gas turbine powerplants is consideration of acoustical
treatment of both the inlet and exhaust areas to lower the powerplant noise level as
much as possible. Bonded acoustical sandwich panels have not become very widely used
on commercial jet aircraft in structural areas due to the permeability of adhesives to
moisture. Here again, generalized statements about the overall applicability of the
bonded structure is usually not feasible from a cost standpoint, since more tooling is
normelly required than would be needed for welded or riveted structure. An exception
would be the application of standard module sizes for bonded partitions, but if some
amount of duplicate production is involved, then tooling costs of bonded structure
can be amortized. Consideration of each structure must be analyzed on an individual
basis.

If studies show definite cost or installation advantages for bonded structures,
related studies should be made to determine whether subcontracting the fabrication is
more cost effective than equipping existing shipyards to fabricate on site. The deci-
sion to make or buy finished honeycomb sandwich structure is one of economics. The
size and quantity of parts will determine the physical plant dimension required to
fabricate bonded structure. In addition to this, the personnel needed to provide
finished parts are of skills not commonly found in shipyards and would have to be
trained. In-process controls and the necessery nondestructive test equipment will
have to be included in the final analysis. The equipment required for a typical bond-
ing facility for aluminum structures is shown in Appendix D.

IIF. WELDING

The advancements made in the art of welding ships are historical and well doc-
umented. It is sufficient to say that advances in welders, automated panel fabrica-
tors, and welding equipment and improvement of flame cutting techniques have advanced
the state of shipbuilding severalfold. Numerous publications on cost and time savings
studies have been conducted to establish the merit and economics of the afore-
mentioned equipment, so further elaboration on these advancements will not be made
here.

DISTORTION

One problem causing considerable difficulty and expense to shipbuilders is
distortion caused by the welding of thin plate in secondary structure. Some ship-
builders design for heavier plate than structurally needei to reduce distortion
problems. This practice may prevent some of the distortion, but its effect of adding
additional weight, fabrication, and material costs would seem to open considerations
of alternate approaches. Proposals for using riveted points in thin plate have been
discussed in the mechanical fastening section of this report and will not bve reiterated
here.
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FRICTION WELDING

Interest has been expressed in using friction-welding techniques to projection-~
weld studs in aluminum structures. As a result of investigation, the friction-welding
techniques are not recommended. The required thrust value to friction weld a l-inch-
diameter bar of 6061 aluminum is approximately 7,000 pounds. This is in addition to the
torque parameter also required. Such forces could not be exerted by manual application;
however, friction welding has proved to be a satisfactory method of joining dissimilar
metals with machine application.

DISSIMILAR METAL JOINTS

Several methods of Joining dissimilar metals have been advanced. Generally, the
research and development that went into these methods was aimed at satisfying parti-
cular needs such as tanks and vessels for corrosive and cryogenic propellants and
fluids.

The Space and Information Systems Division of North American Aviation has ad-
vanced the field of dissimilar metal joining. Their primary interest is oriented
toward large boosters and space vehicles. Their studies indicate that, while entirely
feasible and practical, many combinations joined by welding or brazing result in
brittle phases that are sensitive to shock and exhibit inferior mechanical properties.
Aluminum-to-steel brazed jJoints are examples of this characteristic.

Table 16 lists a number of dissimilar materials that have been joined by several
different techniques and processes. Again, these examples reflect the aerospace appli-
cation and are included as information only.

STUD WELDING

In addition to fusion welding, the resistance-projection-stud-welding technique
affords the contractor a flexible method of systems installation and attachment in
steel structure. Projection-stud welding offers the most cost-effective method of
installing support bracketry. To attempt to replace this system today with a mecnan-
ically fastened Jjoint would not be cost effective.

Advancements in stud-welding techniques are available on a commercial basis. For
example, the Nelson Electric Company produces marine cable and pipe-changer supports
for a range of pipe and cable sizes as well as the necessary stud welder. Once the
stud is welded into position, the cable clamp is threaded on the stud and crimped
around the cable. The pipe hanger is welded directly to the bulkhead and is available
in various lengths, or a channel stud is welded in position with an adjustable strap
and carriage bolt. The pipe hanger uses a rubber insert between clamp and pipe for
vibration dampening. Once the pipe is installed, a locking teb is inserted and bent
over, retaining the pipe and insert. This system would facilitate adding or subtract-
ing pipes of different sizes.

RECENT DEVELOPMENTS

In recent years, both shipbuilding and aerospace industries have expressed
continued interest in processes such as plasma arc, electron beam, and laser appli-
cations. The need has been generated by specific product applications such as heavy
plate welding for deep submersibles and titanium airframe structure.
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TABLE 16

NAA DISSIMILAR-METAL BONDING PROCESSES

Union Procedure
Aluminum to stainless Dip-braze after tin-
steel coating the stainless
steel.
Aluminum to stainless Solder after nickel-
steel plating the aluminum.
Aluminum to stainless Diffusion-bond after
steel interface coating
application.
Stainless steel to Vacuum-braze.
molyhdenum
Titanium to aluminum Solder after nickel-

plating nickel on
titanium and

aluminum,
Copper to nickel Diffusion-bonding after
tin soldering.
Aluminum to stainless Dip-braze after silver-
steel plating of staintess
steel.
Aluminum to beryllium Direct dip-braze.
Stainless steel to Vacuum-braze.
beryllium
Columbium to Diffusion-bond
moybdenum honeycomb sandwich
Columbium to stainless Inert-gas braze.
steel
Tungsten to titanium Tungsten-ARC inert-gas
Tungsten to copper braze with aluminum
Tungsten to stainless brazing alloy.
steel

Tungsten to aluminum
Titanium to aluminum

Titanium to stainless Resistance-weld-
steel machine braze.

Tungsten to molybdenum Electron-beam weld

Molybdenum to Electron-beam weld
columbium

Molybdenum to stain- Electron-beam weld
less steef

Nickel wire to copper Capacitor-discharge-
wire resistance microweld

Stainless steel to low- Percussion-stud
alloy steel weld.
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IIG. MECHANICAL BONDING

Mechanical bonding is a general term that is applied to three separate processes.
These being diffusion bonding, deformation bonding, and roll bonding.

The diffusion bonding process essentially takes place in two stages: (1) micro-
scopie plastic deformation results in intimate metal-to-metal contact and (2) diffu-
sion completes the bond and ultimately eliminates the interface. Stage 1 plastic
deformation is due to the limited metal-to-metal contact caused by surface roughness
and contaminations, as no real surfaces are atomically flat. Applied bonding loads
are borne by the "high" point of the surface irregularities. Sustained loading causes
continued plastic deformation until the net area of surface contacts approaches the
gross bonding area and bonding occurs, stage 2.

Deformation bonding involves gross plastic flow (30% to 60%, depending on alloys
and temperatures), which promotes intimate contact and breakup of surface oxides.
Plastic flow is accomplished by mechanically rolling the sheets to be bonded. The
rollers supply the forces necessary to achieve plastic flow. Deformation bonding is
conducted at room temperatures.

As aluminum alloys form tenacious refractory oxides, the usual and most success-
ful methods of static diffusion bonding use a eutectic material between the aluminum
sheets. These bonding processes require consideration of surface conditions, alloy
compositions, temperature, prior coldwork, crystallographic orientation, post-heat
treatments, and joint design.

Roll bonding is similar to diffusion bonding but does not employ a eutectic
material as is used in diffusion bonding.

Both diffusion and roll bonding are time, temperature, and pressure controlled.
Roll bonding requires higher pressures and temperatures and a shorter time for proces-
sing than the diffusion process.

At cyrogenic temperatures (-423° F), the bond becomes stronger due to shrinkage,
but when raised to elevated temperatures (960° F) and quenched, the irregularities
holding metals together shear, thereby reducing the shear properties of the overall
Joint .

For shipyard applications, these bonding processes would not represent a cost-
effective approach to dissimilar metal-to-metal joints. This is partly due to the
limited applications available, limited quantities produced, and the cost of equipment
necessary to complete the processes.

III, CONCLUSIONS AND RECOMMENDATIONS

1. Mechanical fastener systems have had and will have continued application in ship
construction. Their major areas of application have been in secondary structure
and system attachments. The modern fastener systems available today have demon-
strated their performance in structural, fatigue-critical, and fuel-tight joints
and other special applications. The merits of some of the newer fastener systems
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in shipbuilding applications remain to be demonstrated. Families of high-strength,
corrosion-resistant, fatigue-rated fasteners are available for implementation into
ship designs as well as for special applications such as those required for use
with honeycomb sandwich panels.

Conventional rivets can be employed in some areas to replace welding of thin
sheet and plate. Flush-head rivets can be used to attach thin-sheet aluminum
panels to stiffeners and stringers and can be installed in drag-critical areas
where flushness control is mandatory.

The welding of thin plate (less than 3/8 inch) creates distortion problems that
can be reduced by conventional riveting, which is also one of the most cost-
effective methods of joining, where necessary. Rivets are easily removed and
replaced with simple pneumatic drilling and riveting equipment.

Explosion-bonded metals have much to offer in the design and construction of
ships, particularly those with mixed aluminum/steel structure where galvanic
incompatabilities occur.

Bimetallic and trimetallic materials can be formed or machined into various
shapes and configurations and offer good corrosion resistance, as shown by 5
years of continuous sea~water tests. Physical-property tests and structural
testing have verified the integrity of explosion-bonded joints. Tests conducted
by the Naval Ship Research and Development Center led to their recommending the
use of these materials in the construction of naval combatant vessels.

Comparative installation tests conducted by Hunter's Point Naval Ship yard
and private shipbuilding yards have shown the explosion-bonded materials to be
a cost-effective method of making dissimilar metal Joints (superstructure to deck).

The current method of systems installation in steel structure is projection stud
welding. Currently, there is not a more cost-effective method of attaching equip-
ment supports. Projection stud welding equipment and related bracketry are avail-
able commercially.

Stud welders for welding aluminum studs are commercially available for studs up
to 1/2-inch diameter. Due to weight considerations of support equipment and the
lower yield strengths of aluminum, the use of this type of equipment is somewhat
limited. An alternate process to aluminum stud welding (as recommended by Nickum
and Spaulding of Seattle and as present«d in the explosive bonding section of
this report) uses the bimetallic strip welded with the aluminum to aluminum and
the steel stud proj)ection welded to the steel side of the bimetallic strip. While
more expensive, the reliability of the bimetallic-stud weld joint should reduce
later repair or replacement costs.

Some questions arise concerning the effects of localized degradation in the struc-
ture caused by stud welding. The effects of the primer (often applied before weld-
ing) and other impurities as well as residual stresses in and adjacent to the
weld area are causes for concern. The latter will become increasingly pertinent

as operating stress levels approach design limits.

Adhesive bonding, as applied in aircraft, has been limited primarily to aluminum
and titanium, due to weight considerations. Aircraft contain a wide range of
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bonded material applications, ranging from control surfaces to galleys and decor-
ative panels. These applications do not include primary structure nor would they
be recommended for primary structure in shipbuilding. However, adhesive bonding
can be applied to some nonstructural applications. The areas of potential appli-
cation include interior bulkheads, kitchen and toilet facilities, low-~pressure
piping and ducting, acoustic insulation for sonic fat.gue, or areas of high-
frequency vibration.

Adhesive bonding and sandwich panel construction lend themselves to modular
construction and have been used as deckhouses on patrol craft produced by foreign
nations. Adhesive-bonded sandwich panels and construction offer a high strength-
to-weight ratio for numerous applications.

IV. RECOMMENDED AREAS FOR FURTHER STUDY

It is anticipated that those interested in ideas or concepts presented in this

report will conduct the necessary qualification tests before incorporating them into
their design and construction efforts. The following are delineated as areas for
further study:

1.

Compile a fastener matrix and preferred fastener list based on fastener types
approved for use in ship design. Develop design allowables and add to the list
and matrix, as required, to accommodate new applications. Take care to avoid
excessive fastener proliferation.

Investigate the use of conventional riveting for attachment of thin sheet in
secondary structure and application of high-strength festeners to primary strue-
ture,

Continue to develop the full potential of the explosive-bonded bimetallic and
trimetallic sheet. This effort should include tube cladding techniques for rud-
der stock and stern-tube installations, bulkhead penetrations, pipe flange con-
nections for dissimilar pipes, and deck pads for equipment mounts.

Investigate cost-effective approaches to installing mixed materials for pipe sys-
tems that would satisfy necessary regulations.

Study potential applications for the electromagnetic riveting process, particu-
larly in areas where large rivets may replace more expensive fasteners. The
portebility of the equipment and quality of EMR-installed rivets make large
rivets more attractive than they have been in the past. The process is usually
cold but can be supplemented by resistance heating of the rivet.

Consider possible applications for items in Appendix E such as in-place tube
welder, laser alignment, and new bulkhead penetrations.

The logical step to follow a study of this type is a developmental activity
encompassing the design and febrication of selected Joint hardware to assess
and validate the comparative advantages of different joining methods. For exam-
ple, welded versus mechanically fastened joints for a given application should
be compared, each designed for use with its unique joining process.
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8. Similarly, material trades in selected applications can be evaluated with the
design of a selected joint for steel, aluminum, and combinations using explosive-
bonded strips as the interface. Again, each should be designed to take advantage
of the properties of the particular materials being compared.

9. Following the successful validation of some of the alternative fastening methods
in test hardware, selected ships (or portions thereof) undergoing modification or
those of a new design should be selected for incorporation of these concepts.

In-service experience can be monitored to validate the projected performance of
the new designs and fabrication methods.

10. Based on the feedback from the foregoing (items 7 through 9) an integration pro-
gram, including the incorporation of alternative Jjoining methods into regulatory
documents, should be pursued.

11. A study of current maritime regulations and specifications and their relation to
bonded structure should be made to determine where bonded nonstructural compon-
ents can be applied.

APPENDICES

The topics listed in the appendices, while not related directly to the main scope
of the report, have been included ard commented upon as information that may be of
interest to those functioning in these fields.

Piping systems, which include bilge, ballast, and weather deck drains, as well
as water, oil, and air systems, involve high costs for materials, initial installation,
and subsequent maintenance. The ideas and suggestions are presented for consideration,
and the cost effectiveness of these systems over a period of operating time remains
to be established.

The adhesive-bonding equipment shown, represents typical equipment found in the
aircraft industry. It is not necessarily optimum for shipbuilding applications. The
economics of purchasing completed parts should he considered before making a capital
expenditure.

The in-place tube welder described and shown in Appendix E was developed to weld
high-pressure stainless steel and titanium tubing in limited-access areas where con-
ventional welding techniques could not be applied. High-quality welds are obtainable
on a production basis.

Electrical systems encountered in shipbuilding range from electric lights to radar
installations. Combatant vessels are equipped with a variety of complex electronic sys-
tems outside of the regular ship electrical facilities. Hookup of these various systems
often requires multiple watertight bulkhead penetrations as well as connections be-
tween components in close proxity to each other. Compartments and passageways are
often cramped and crowded, presenting additional problems.

MU Y
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The use of Multi-Cable Transit units for tubing, pipe, and wire connections
eliminates stuffing-tube arrangements and the necessity of potting and sealing to
maintain the watertight integrity of each compartment. These processes add to the
cost of ships, are time consuming to install, and make modification of systems
difficult.

Flat cable affords the fabricator the opportunity for additional flexibility
when installing instrumentation systems, especially those involving multiple connec-
tions between compébnents. Flat cables can be used efficiently in limited-access areas
such as passageways and along framing.

Laser optics, even though remote from the subject of fastening or outfitting,
remain pertinent nonetheless., Laser optics have found increasing use each year. Cri-
tical alignment of major jigs and components have been possible with laser equipment.
The application of laser alignment techniques to shipbuilding is evident when you
consider its being applied to alignment of stern-tube boring equipment or to place-
ment of deck machinery or keel and side plates. It is, theretore, included in the
appendices of this report for information as to the current state of the art and the
Joint sharing of this technology between the different industries.

APPENDIX A

PIPING SYSTEMS

Piping systems currently installed on commercial and military shipping use steel
pipes, both Schedule 40 and 80, and steel pumps with bronze bushings and fittings.
Large gate and globe valves can become expensive without considering compatible sys-
~ems made for use with aluminum (Table 17).

Current design practices call for waste washers to be installed when it is
necessary for pipes to penetrate bulkheads for overboard discharges and pump connec-
tions. This practice causes higher costs for initial construction and subsequent
operation in the electrolytic environment of seawater.

Regulations currently restrict the use of any nonsteel/iron pipe and pump sys-
tems in such areas as fire protection and control. Extensive tests are now being con-
ducted by the Naval Ship Systems Command, Annapolis, Maryland, to verify new materials
such as the intumescent coatings on glass-reinforced plastic piping. While these hold
some promise for future use, the current regulations are explicit.

There are possibilities of using a mixed tubing materials system such as plastics
for bilges, ballast, and weather deck drains; aluminum and/or stainless steel for
potable water, compressed air, and engine oil; and alloy steel and 90~10 copper nickel
for fire-control systems. The merits of these systems would have to be determined
from cost-effectiveness and reliability standpoints.

While these systems may save welght and installation costs, the fluid prime
mover will be predominantly the steel pump due to availability and cost considerations.
Again, galvanic incompatibilities can occur, especially in nonferrous ships. Since
the pump can be isolated by the same method as the deck machinery, the problem lies
in connecting the pump systems to dissimilar pipe systems.
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TABLE 17
COST COMPARISON FOR ALUMINUM ALLOY AND STAINLESS STEEL VALVES?

304, 316, and

) Pressure IPY- 356-T6
Size service | Type |22 Nickel-20 chrome | ,1yminum alloy
IPS (in.) stainless steel
(Ibs) ($/each)
($/each)

3 flanged 150 Gate 263.00 268.00
4 flanged 150 Gate 376.00 389.00
6 flanged 150 Gate 610.00 622.00
8 flanged 150 Gate - 809.00
3 flanged 150 Globe 407.00 273.00
4 flanged 150 Globe 478.00 512.00
6 flanged 150 Globe 809.00 891.00

3|nformation taken from SSC report 281, p. 75.

THBLE 18

MATERIAL COSTS—BILGE SYSTEM IN BALLAST TANKS (U.S. DOLLARS)?

. Fiberglass-
item Aluminum 3‘:;'( Gasl::;uzed reinfg(cr PVC lined
plastic
Specification 6061-T6 A53 A53 Bondstrand | Resistoflex
or equal
Thickness Schedule Schedule | Schedule - -
40 80 80
2440 feet of 4-inch pipe $5,967 $5,630 $6,750 $10.248 $16,104
Alumiruam bulkhead penetration (50) 5,967 5,630 6,750 10,248 -
Aluminum spools (40) - 1,800 1,800 - -
Flanges {70) 1,376 506 760 539 (nciuded
Ells (150} 3,420 1,014 1,402 2,520 8,295
Couplings (36) - - - 194 -
Valves (10) — Not included >
Cathodic protection - 1,720 1,720 - -
Total cost $10,763 $10,670 [$12,432 $13,681 $24,399

?|nformation taken from SSC publication 218, p. 78.
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Several suggested methods of pipe-to-pump asttachments, bulkhead feedthroughs,
and pipe tapoffs fabricated from bimetallic stock are shown in Figure 19.

While an interested party would have to develop the necessary rupture and
fatigue data, the concepts are practical and offer an attractive cost-savings poten-
tial. This process could eliminate the costs of waste washers and gaskets and mini-
mize related maintenance, corrosion, and rust allowances made for steel pipes. Hence,
thinner-gage pipes could be used. iimited use of the glass-reinforced plastic and PVC
pipe has been recommended by the Coast Guard, predominantly in bilge and ballast sys-
tems. Cost analyses from SSC Publication 218, Design Considerations for Aluminwm Hull
Structure, are shown in Tables 18 and 19 for bilge and ballast systems.

Nondestructive test (NDT) procedures are available commercially for in-process
controls of explosion-bonded materials. These included X-ray technique and dye-
penetrant inspection of the bond join and weld bead.

APPENDIX B

WATER SYSTEMS

Two water systems are in common use for ship operation. These are the fresh
potable water system for sanitary engine cooling and consumption purposes and a salt-
water system for ballast. The potable water is from two primary sources: (1) on-board
desalinization and (2) shore supplied. The salt system is ocean supplied.

For steel structure, there is no inherent problem with either water system other
than rust. Black schedule 80 steel pipe is used predominantly. However, with aluminum
structure, different problems arise-~some chemical and some regulatory. If aluminum
pipe systems are used for both freshwater and saltwater systems, corrosion problems
will occur due to the various differences in fresh water found in different ports.

Minerals and free ions can contribute to the corrosion of the aluminum freshwater
system.

The installation of aluminum piping in aluminum structure would simplify construc-
tion and eliminate the necessity of galvanic isolation techniques that would be
required for a steel-pipe system. The aluminum pipe would be lighter than steel due
to differences in density and would not have the heavy-duty (schedule 80) wall-
thickness requirement as does steel pipe.

Fiberglass-reinforced plastic, on one hand, offers several advantages. Cost
studies indicate the GRP system to be the least expensive of eight systems studied
(see Table 19), would be chemically inert to most substances, and would not produce
galvanic incompatibilities. "Sailor proofing" GRP pipe would be more difficult. Unlike
heavy-duty steel pipe, the GRP could not be used as a "chinning bar." Allowances for
reinforcing and protecting piping in passageways and overheads must be considered.

Difficulties encountered in a GRP system include fabrication because GRP is
not bendable. Bulkhead penetration techniques would have to be developed, and regu-

latory agencies do not consider GRP with intumescent coatings to afford adequate
fire protection.
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Stainless steel pipe systems have been included in smaller craft such as patrol
boats and hydrofoils. These systems are costly when compared to a similar system
manufactured from black steel or GRP., However, stainless steel offers good corrosion
resistance, is galvanically compatible with steel and aluminum structures, and is
formable. In small diameters, welding or mechanical couplings can be used effectively.

The cost analysis for several ballast systems in a ship similar to the 632-foot
M.V. Challenger are shown in Tables 17, 18, 19.

For economic and regulatory reasons, future ship construction will probably use

an integrated pipe system composed of different materials. The cost involved with a
mixed system must be determined to decide at what point there is an economic tradeoff.

APPENDIX C

OIL AND AIR SYSTEMS

0il systems aboard ship can be lumped into three general categories: fuel oil
for propulsion systems, lube oil for deck and propulsion machinery, and bulk cargo in
the case of petroleum tankers.

Current regulations explicitly require fuel and engine lube lines to be manu-
factured from black steel due to the nonconductive characteristics of fuel oil and
fire prevention requirements. The introduction of aluminum or plastic pipe should be
considered for future use. As new materials and design allowables become available,
regulatory agencies should consider their implementation after appropriate testing
has been completed. The installation of black~steel fuel lines in aluminum structure
will create galvanic corrosion problems if isolation procedures are not adequate.

The installation of stainless steel fuel and lubricating oil systems would elim-
inate the need for isolation protection. Bulkhead penetrations would have to be
incorporated to maintain watertight compertments. These penetrations could be either
mechanical or welded connections. Aircraft-type AN fittings and the in-place tube
welder would facilitate pipe system installation and connection for modular construc-
tion and Jumboizing. Design and fabrication techniques used in aircraft use modular
construction and systems installation for preinstallation of many of the electrical
systems, hydraulic tubing, and actuator cables.

Bulk cargo transfer to shore facilities or other ships will require an extensive
pipe-and-pump network within a tanker structure. Cost considerations will be a major
factor in deciding what type of system will be used. Safety experience gained with
mobile aluminum truck tankers should make an all-aluminum pipe system a major con-
tender for ship service, due to their impressive safety record.

Compressed-air systems involve two major areas of ship operation. They are a
L00-psi engine-start system and a 100-psi ships-service system. Current design prac-
tices call for high-strength steel for each system., For an aluminum ship, a schedule
40 aluminum low-pressure system has been previously recommended. High-pressure stain-
less steel could be implemented for engine-start, eliminating galvanic couple problems
associated with penetrations of steel pipe through aluminum bulkheads. This, used in
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conjunction with pressure reducers and regulators, could be reduced to a single
high-pressure system, with the regulators and reducers supplying the low-pressure
ships service.

Should an inert-gas fire-control system be adopted, aluminum tubing would facili-
tate systems installation in aluminum structure.

Cost effectiveness of incorporating various systems into ship construction
should be investigated. A particular system, whether single or mixed, will have to
meet regulatory approval, and therefore any hard-and-fast recommendations cannot be
mede without knowledge of ship's purpose, current state-of-the-art information,
regulatory revisions, allowances or standards, system type (oil, water, fuel, etc.,),
pump pressures, safety allowables, etc.

APPENDIX D

BONDING FACILITIES EQUIPMENT

A typical bonding fecility for aluminum structures would require the following:
a) A chemical processing line with the following tanks (Figure 20):
1) Trichloroethylene degreasing tank
2) Alkaline cleaning tank
3) Warm water rinse tank, either immersion or spray
k) Sodium dichromate-sulfuric acid deoxidizer tank
5) Cold water spray rinse tank
6) Dryer tank

The sizes of the above tanks would have to be determined by the maximum
part sizes to be run through the surface preparation process.

b) Closely adjacent to the chemical processing line should be a clean room.
Operations to be included in the clean room and required special facili-
ties are:

1) Spray booths and spray application equipment for applying adhesive
primers (Figure 21).

2) Ovens to precure the adhesive primer--the sizes of both the spray
booths and the precure ovens would be determined by the maximum size
of parts to be processed (Figure 22).

3) Assembly area with adequate work space large enough to accommodate
the tooling, parts, and associated assembly operations (Figure 23).




FIG. 24 -
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The clean room should have filtered incoming air and should be pressurized
from 1/2 to 1 psi, in relation to adjacent areas, to be sure all air
movement is outward from the clean-room area. The primary purpose of the
clean room is to provide a segregated area for the special handling
required for the "clean" part during the priming, precuring, and assembly
operation.

¢) A curing facility to supply heat and pressure for the final cure of the
adhesive is required. The most common curing facility now in use is an
autoclave. Here again, the size of the autoclave is determined by the
maximum size of the largest bonded assembly and also the total volume of
bonded parts. The autoclave requires area and handling equipment for
staging and handling the bonding tools in and out. There is considerable
experience in the design and fabrication of autoclaves for adhesive
bonding in the aerospace industry.

As indicated above, the total bonding facility would be sized in relation to the
maximum size of parts to be bonded and the volume of parts to be fabricated. In addi-~
tion, consideration should be given to the sheet-metal and machining equipment for
honeycomb core (Figure 24), machining equipment required to febricate the detail
parts required for the bonded assemblies, and the required nondestructive testing
equipment (Figure 25) for inspection of assemblies in process and after the final
bonding operation. In-process controls are also required to maintain bond quality and
reliability and rei~force confidence level.

APPENDIX E

IN-PLACE TUBE WELDING

The in-place tube welder (Figure 26) was developed for in-place production
welding of stainless steel and titanium high-pressure hydraulic systems and is a
commercially available product.

Alignment of the tubing and fitup of the abutting ends at the weld joints are
major factors in consistently producing an acceptable weld Joint. Auxiliary bridge
tools are used to support the tubing during the weld operation and are shown in
Figure 27. The space envelope dimensions required for a typical head and auxiliary
bridge tool are shown in Figures 28 and 29. Depending upon the application, various
types of weld joint configurations have been used successfully. Several of the more
popular and practical joints are shown in Figure 30.

For those heavy-wall tube joining applications requiring the addition of filler
wire, suitable miniature crawler-type weld heads are available. Due to the additional
me *hanisms to handle wire feed, these heads are substantially larger than the nonfiller
wire adding-type head. A representative head available at this time is shown in Figure
31, with its space requirements in Figure 32.
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Butt Joint With
Butt Joint Filter Metal Insert

Flare Bevel Butt Joint

Flange Butt Joint

o

g . Weatherhead Sleeve Joint
Butt-Sleeve Joint (Swaged and Welded}

FIGURE 30

TUBING WELD JOINT CONFIGURATIONS
FOR GTA TUBE WELDER
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FIG.31 - TYPICAL COMMERCIAL MINIATURE GTA TUBE WELDING CRAWLER
UNIT WITH AVC, TORCH OSCILLATION, AND WIRE FEEDER

FI1G.32 - TYPICAL GTA TUBE WELDING HEAD
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APPENDIX F

ELECTRICAL SYSTEMS AND THEIR ATTACHMENTS

The installation of electrical systems and connections between components has
presented numerous problems to the design and fabrication contractor of both steel
and aluminum ships,

Regulations require many of the connecting compartments to be isolated from each
other in the event of fire, flooding, or other contamination. Since control systems
necessary for ship operation cannot be installed externally to the structure, it is
required that bulkhead penetrations into adjoining compartments maintain the integrity
of each compartment, should an emergency situation occur.

The penetration of steel piping through a steel structure, or aluminum piping
through an aluminum structure, afford the opportunity for contaminants to enter
adjoining compartments. This condition can be eliminated by fillet welding the pipe
and bulkhead at the point of penetration. Suggestions and recommendations for dissim-
ilar metal penetration of steel pipe through aluminum bulkheads are contained in the
explosive-bonding section of this report and will not be elaborated upon here.

Electrical systems present a more difficult problem in that most of the wiring
and cables are armored. Even when conduits are used, a stuffing tube arrangement
must be fabricated to ensure each compartment's integrity. This process creates addi-
tional outfitting difficulties and higher costs, both in material and labor, and is
not conducive to visual inspection or postservice modifications.

MULTI-CABLE TRANSIT

A commercial product, Multi-Cable Transit {MCT) bulkhead penetration, such as
that marketed in recent years by Nelson Electric, offers the designer and fabricator
a nev method of maintaining compartment integrity when installing control systems
(Figure 33).

Multi-Cable Transit bulkhead penetrations have frames made from aluminum or
steel, measure approximately 2-3/8 inches in depth, vary from 5-1/L to 5-1/2 inches
in width, and have lengths of 4-3/h to 9-3/8 inches, depending on model. The MCT uses
cable modules made from Tecron, a DuPont neoprene compound that expands when heated.

The installation procedure is relatively simple. An oblong hole is cut in the
bulkhead to accept the MCT frame which is then welded into position (Figure 3k).
Electrical cables or tubing are then run to their respective positions where they
can be connected for a system check. The predrilled Tecron block, conforming to the
respective cable dimensions, is installed with a slight coating of lubricant on the
block. Armored cables have G.E.'s RTV-102 or 106 sealer applied in the grooves of each
block to seal the space between the armor and cable sheath. A compression plate is
installed, along with the end packing to seal against fire, water, and air leaks. MCT
wvill accommodate cables or pipe ranging in outside diameter from 5/32-inch to 3-3/k
inches. These units may be purchased in gang or group mountings. Additional cables or
tubing may be installed by adding the necessary insert blocks, Cables may be removed
in the reverse manner. An added advantage of MCT installation is that fabricated
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34 - INSTALLATION OF MULTICABLE TRANSIT FRAME
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cabling with connectors attached can be passed through the MCT. For rf and high-
frequency applications where signal leakage and grounding are important, MCTs with
conductive rubber blocks are available.

Fire tests conducted at the Lockheed Electronics Environmental Test Laboratory
demonstrated that MCT could withstand 1715° F for 1-1/2 hours, when attached to a
1/bk-inch steel test panel. The rear side of the MCT and cables remained relatively
intact during the test. MCT inserts are not subject to attack from liquid chemicals
or hydrocarbons. MCT is reputed to comply with Mil-P-16685C, U. S. Military Standard
167, Mil~-S-901C, Mil-5td-108D, ASTM-E119-61, and the JCSLS fire-test standard.

Cost comparisons indicate the MCT units will save 50% of the installation costs
over the cable-tray or conduit-and-scaling-conpound methods of cable installation.

FLAT CABLE

Scotchflex, a family of flat cable produced by the 3M Company, currently is under
study for possible introduction into commercial aircraft electrical systems connections.

The use of flat cable would provide additional advantages in ship outfitting and
systems installations.

Flat cable can be installed in space-critical areas such as passageways, over-
heads, and bulkheads (Figure 35). This type cable is designed for hookup of connect-
ing components, especially those using printed circuit boards in their assembly.

Transitions from flat cable to conventional round-wire connectors can be accom-
plished by any of several methods such as splices or junction boxes (Figures 36 and
37). Flat cable offers a decisive weight-savings advantage as well as ease of fabri-
cation and installation. It can be prefabricated for modular construction or systems
installation.

With more emphasis being placed on preassembly and modularization, implementa-
tion of the flat cable concept would be beneficial.

APPENDIX G

OPTICAL LASER APPLICATIONS

The Manufacturing Research and Development Department of Boeing is currently
involved with developing & manual for using optical lasers in shipbuilding. This pro-
gram is being conducted in conjunction with Toud Shipyards Corporation of Seattle.

The obJjective of this research program is to apply alignment state-of-the-art
knovledge and experience to shipbuilding with special emphasis on hull erection and
machinery installation. Although accuracy is the main criterion for using lasers in
aircraft alignment, it is not the only criterion. There are more advantages that are
not readily seen. A few of them are:
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b)

a)

e)

f)

g)

h)

i)
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Optical instruments require experienced personnel. Lasers do not.

The accuracy of optical instruments depends on resolution, definition,
proper certification, removal of parallax, pointing (dependent on
physiological and psychological characteristics of individual operators),
and proper targeting and target lighting. Lasers depend primarily on certi~-
fication. Human interpretations would be eliminated for machinery and
other precise alignment applications.

Once set up, one man can interrupt a laser beam anywhere and take a
measurement much the same way as he would with a strung-out wire. The
laser beam would be a precision straightedge. A piano wire, no matter how
taut, still must be corrected for a perceptible catenary.

The laser beam can be detected visually as well as electronically. Optics
normally require two men for this operation.

The laser is much more simple to buck into a line and considerably more
simple to buck into a plane than is the telescope and transit under most
fabrication conditions.

The laser does not require initial focusing to find the target and refocus-
ing to achieve final alignment.

Unlike optics, the laser field of view is the entire field of view of the
operator and any other observer., Thus, the laser can be used as a long
pointing stick.

Collimation or autocollimation of the laser is not limited to mirror size
as it is on the telescope.

A summary of applications of the optical laser includes, but is not limited to,
the following:

a)
b)
c)
d)
e)
r)
g)
h)

i)

Alignment of ways and blocks prior to laying keel

Alignment of keel and panels

Stiffener location and alignment for preassembly technique development
Checking levelness during hull erection

Hull-section alignment for modular or "jumboizing" assemblies
Stern~tube and shaft alignment

Hatch-~coaming and guide installation

Lash-rail alignment

Superstructure-to-hull and deck alignments
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APPENDIX H - BOEING DESIGN MANUAL

SECTION 17

FASTENERS, GENERAL

INTRODUCTION
1711 Riveting General
SYMBOLS AND CALLOUT
1721 Fastener Symbols
17211 NAS Symbols
17.2111 Examples of NAS Symbols
17.2112 Basic Rivet Code
17.2113 Oversize Fostener Code
17.212 Obsolete Symbols

17.22 Fastener Calloyt

17.221 Parts List Callout
17.222 Llocation Collout

17.23 Hole Location Symbols
17.24 Matching Holes

17.241 Holes to Mate With Standard Ports
17.242 Coordinating Holes
17.243 \dentical Parts Except for Holes
17.25 Hole Size Collout
17.251 Selection of Holes for Standard Fosteners
17.252 Standard Holes for Structural Fasteners
17 253 Hole Size for Blind Fasteners Group |
FLUSH REQUIREMENTS

17.31 Tolerances
17.32 Countersinking and Dimpling

17.321  Countersinking

17.3211 Minimum Shee! Thickness
17.3212 Callout

17.322 Dimpling

17.322! Edge Margin
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SEALING
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17 53 Maximum Spacing
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17.62 Threaded Fasteners

17.621

17.622

17.623

17.624

17.625

Bolts

17.6211 Titanium Fosteners

17.6212 Self-Locking Bolts

17.6213 Non-Standard Threaded Fasteners
17.6214 Specially Surfaced Steel Bolts
17.6215 Bolts Without Cotter Holes
17.6216 Oversize Bolts

17.6217 Radius Clearance

17.6218 Bolted Sloping Surfaces

Screws
17.6221 Tapping Screws

17.62211 Thread Forming Screw
17.62212 Thread Culting Screw

17.6222 Drive Screws

17.6223 Wood Screws

17.6224 Set Screws

Nuts

17.6231 Nut Use Charts

Plate Nuts and Gang-Channel Nuts

17.6241 Gang-Chonnel Nuts- Drawing Callout
17.6242 Plate Nut Hole Clearance - Drawing Callout

Sheet Spring Nuts

17.63 Special Fasteners

17.631
17.632
17.633

17.634

Pins Use Chart
Shear Pins
Metal Stitching

17.6331 Edge Margin and Spacing
17.6332 Capacities and Dimensions
17.6333 Drawing Callout

Quick Reiease Fasteners

17.64 Washers, Spacers, and Shims

17.641
17.642
17.643
17.644
17.645
17.646
17.647
17.648

Washers

Shims, Plate Nuts
Spacer, Sandwich Board
Rivet, Spacer Head, Blind
Spocer, Rivet and Bolt
Spacer, Plate Nuts

Nut, Spacer iate

Radius Fillers
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SECTION 17

FASTENERS, GENERAL

17.1 INTRODUCTION
A Fastener information 15 presented 1 riree sections:

b. Section 17 con' s canlout nustructions for allfastenersand holes,
hote sizes, sealing information and usage charts

~

ton 18 provides strength data, edge margins and spacing
Frpoirements

3. seclion 19 cantains desciptions of fustener installation tools and
related infornation whieh niyst be considered in design.

8. The inuallation of tasteners s controlled by process specifications
I BACS004 for rivets, lockbolts and blind fasteners.
2. BACS009 for boits and nuts.

Drawing forms contam references to these specifications in the title
block area

C. In addition, where apphcuble, additional process specifications
should be called out on drowings, For example.

P BACODER for installation of cotter pins and similar sufetying

devices
2. BACSHAT tur installation of fosteners which must be fluid tlight,
3 BACS047 for dimpling nnd countersinking
4. BACSHDBS for nstullatian of metallic sundwich spacers.
17.11 RIVETING—GENERAL

rant desgn ard assariated fastening concepts shall continue the
prochices vsed an previous commercal models with exceptions fo
Leoade ncrensed reliability, weight ond cost reductions. A brief
s Lfthe major corrent practioss and reenommeanded changes

Coes Haig tight riveting, the e of NACA and meditied
riveting in acc -dance with BAC5047 sholl be
wi are the material thicknesses

oot
. ot e yse of rivets

s 250

. 10 setinstaliahions in exterior and aerodynamic

st e of the shear heod type (BACRISCE)

<t and protruding head aluminum olloy
t tocture and ottachments shall be in
474 ard 20470

s pullstem rivets (BACRISDR),
et by ustomer specifications. In
i tetiral strength ond fotigue
©ore T rucrglack locked spindle

e =N

cee ek iNAST398) shall

17.211 NAS SYMBOLS

The MNASS523 Symbol System s used 1o call out permanant type fos
tener units on drawings. The fastener units shown in 17 2112, Base
Rivet Code, cun be called oot with the PAS Symbol System A
threaded bolt that is used with vanious nuts, s, metaol stiching, and
miscelluneous speaiol fosteners cannot be inciuded o the TIAS Sym
bo! System.

A The NAS Type Symbol s basically o cross with the intersedion
at the center of the tastener in the plun v1ea Fadener weatity, size
and inslallation instructions are mdicated Ly letter-numenc <oding
within the quadrants of the crass Forconseneeacethe tour quadrane.,
are referred to as shown below tegardless i totation

s e

NW [NE S& Zl=
SWISE SA 2|z
5 Zln

Figure 12111

B. Bosic Code. The fastener is dentbied by a non wigmificant 1w
letter code in the NW quadrant, which defines oll feotures excep?
diameter and grip or length. It also include the collary far lockbaolty
and Hi-Shears. When inclosed in a box, instullation per BACS047 s
required. For code letters, see the ysage charts. Code letters 1o be
used by the entire aircroft industry are added 1o 1iA%523 and then
to the Design Marual. Code letters forindividual company use bugie
with X. Consuit Seattle Standards Unit for assignment of new code
letters.

C. Diometer and head location areind atedby anumber and Tene
in the NE quadrant. The number 15 the same as the diamcter dash
number of the part or the last one or two digits of part noemer:
which express the nominal dinmeter by these digity, the Teter 1 or
F refers to NEAR SIDE or FAR SIDE of the manufoct red head i
the head location is optional, or 1s clearly shown by the drawirng the
letter may be omitted

D. Rivet length and spotweld optional are shown inthe SE quedoont
by o number and letter . The number 5 the dasn numbe: for the
length or grip of the part; it is omitted fur conventionol rivets except
i madification kit drawings per P D-4900. The letter W, if woed,
permits spotwelding instead of riveting

E. Countersinking and dimpling instiuctions are shown in the SW
quadrant as foilows

1. Dimpling is indicuted by o D fcllowed by a number indicating
the number of sheets to be dimpled, if more than one

2. Countersinking is indicated by the letter C. No number s used
with countersinking

3. Flush both sides is shown by placing the letters and number (as
applicable) on two lines The upper hine applies to the many
factured head, and the lower line 1o the driven head The angle
of the driven heod shall be the same as that of the manufactur »d
he 1 except as noted in paragraph F below.

F. Fluid tight riveting (per BAC5047), 15 shown by enclosing the basic
cede in a square in the NW quaodrant. Place 82 below the counter
sink code in the SW quadrant when an B2 driven head angle is
required (NACA siyle)

(5. Rivet symbol hlocks as shown below will be printed on drawing
forms stocked at the supply counters, or upon request fo the Repro-
duction Unit Several blink <paces are pravide for listing the
ri.ets used on the drowing nd the code for each More spaces may
be added by the draftsmian if required.
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1Continued
BK = MS20470B CE = P (CKL)
BA = MS20426A XLP = BACB30OLA
Dz = SAL100-T &6LC-C NAS 528
XPC = BACB3OMB*A**U XC = BAC-RI58B-AD
& BACC30X

—~ HOLE LOCATION FOR X DIAMETER RIVET

INSTALLATION:
STD, PER BAC 5004; FLUID TIGHT, PER BAC 5047

BASIC CODE DIA DASH NO.
ENCLOSED = FLUID TIGHT MFD HEAD LOC
OPEN = STANDARD / N = NEAR SIDE

F =FAR SIDE

XX |Xx
DIMPLE/CSK INFO——— D2C|X W —=— SPOT WELD OPT
D= DI/MPLE N LENGTH DASH NO.

2 = NO. SH DIMPLES
C = CSK INSTRUCTURE
2 LINES: TOP = MFD HD; BOTTOM = DRIVEN HD

NOTE: PROTRUDING HD RIVETS DRIVEN FLUSH
D/C INFO (2 LINES) APPLIES TO DRIVEN
HD ONLY.

RIVET SYMBOL CODE

Figure 17.211-2

NOTE: The Bosic Fastener Code and the equivalent part number(s)

that are noted the Rivet Symbol Code box, sholl be the
same as those listed in 17.2112 and D5%90. These include
codes for material, finish, etc., as required.

Exompie: XPC = BACB3OMB*A**U & BACC30X
Where: BACB30MB

"A" code
"U" code

Basic Part Number
A286 material
Unplated

i
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17.2111 EXAMPLES OF NAS SYMBOLS

‘o
ol
%

>
—
©
o

-

x
(a)
o
Rl

MS2047084, UNIVERSAL HEAD, 5056-F RIVET, 1/8 DIAMETER. HEAD DIRECTION
OPTIONAL. SPOTWELD OPTIONAL.

x|+
w

BAKN MS20426A6, 100° HEAD, 1100-F RIVET, 3/16 DIAMETER. COUNTERSINK 100* NEAR

4 SIDE FOR MANUFACTURED HEAD,

BAKE MS20426A8, 100° HEAD, 1100-F RIVET, 3/16 DIAMETER. MAMUFACTURED HEAD

o FAR SIDE. OIMPLE OUTER SHEET AND COUNTERSINK INSTRUCTURE 100°

o BOTH SIDES.

SAL100-T6-5 (BAC-B30P-6-5), 100° HEAD, STEEL, SHEAR LOCKBOLT, INCLUDING
2024-T4 COLLAR 61C~Ch (BAC-C30A-CE). 3/16 DIAMETER, 5/16 MAXIMUM GRIP.
COUNTERSINK 100° FAR SIDE FOR MANUFACTURED HEAD.

BACB30LAS-3, 100° HEAD, BLIND BOLT HUCKBOLT, 3/16 DIAMETER,
3/16 NOMINAL GRIP. COUNTERSINK 100° FOR MANUFACTURED HEAD (Direction
ossumed to be obvious).

P6D (BAC-RISAP-6-147), BRAZIER HEAD, 5056-F BLIND RIVET (HUCK CKL),
3/16 DIAMETER, 129 - 165 GRIP RANGE, (The uso of letter D For grip is an
exception to the stondord code).  Head Direction Obvious.

BAC-RiI58B-6AD, 2117-T3, 3/16 DIAMETER, UNIVERSAL HEAD RIVET. MANUFACTURED
HEAD FAR SIDE. FLUID TIGHT PER BAC 5047,

BAC-RIS88-6AD, 2117-13, 3/16 DIAMETER, UNIVERSAL HEAD RIVET. MANUFACTURED
HEAD FAR SIDE, COUNTERSINK 82° FOR FLUID TIGHT DRIVEN HEAD PER BAC 5047.

4{5_5

in thirty-seconds.)

HOLE LOCATION FOR A 3/16 DIAMETER RIVET. (The number signifies rivet diameter

Fig

17.23 (Continued)

2. The gssemhbly or inttolfotion drawing shall locate the parts,
idizate the fastener and ossociated parts such os nuts, washers,
atc ., anv show the hole size per 17.25,

Where hole pattems are duplicated on other drowings o note
shall be addes t5ting which drawing <hall be used as o pottem.
Drowing: showing holes which are not o be used for pattemns
sholl show the note:

USE RIVET (BCLT) HOLE LOCATIONS SHOWN
ON XX -XXXK

This note should also be shown on assembly drawings not used
as hole pottemns.,

Z__ USE RIVET HOLE LOCATIONS SHOWN ON
23 000.

—

i 23-0000
AR
A flog ond flag note may be used when space is
limired.

Figure 17.23-1

1721111

17.24 MATCHING HOLES
See DM 81, Section 13.

17.241 HOLES TO MATE
WITH STANDARD PARTS

When holes in o detcil rart or assembly must mate with holes In o
purchased or government furnished item the sizes and locations shall
be completely dimensiored ond toleranced 1o cssure fit if ossembl.
is on a higher drawing. The note, "LOCATE TC MATCH" shall
not be used. 1f a G.F.E. part is brought togetrer with Beeing parts
for ossembly, use ncte "USE HOLE LOCATIONS SHOwWN ON
----------- " (GFE PART),

17.242 COORDINATING HOLES

Coordinating holes shall be used in accordance with DM 81,
1.532.

17.243 IDENTICAL PARTS
EXCEPT FOR HOLES
Parts which are identical except holes or hole locations require

different part numbers. This applies to parts drawn as separote de-
tails or colled out by dash number on an ossembiy or installation,

A. When o standord part is drilled for installation, it sholl be
given o new number ond t-eated as @ MAKE FROM part--see PM
9481, Section 5.034.

B. Boeing detailed blank purts which are used in two or more o~
semblies having different hole patterns shall be treated as in A
obove.

S e T e ettt e — g
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17.25 HOLE SIZE CALLOUT

A. HOLE SiZES NOT SPECIFIED ON THE DRAWING. Hole sizes
for conventional rivets and Cherry, Olympic, Huck, Dupont chemi-
cally expanded blind rivets, are controlled by BAC 5004 or
BA 5047 ond shall not be shown on the drawing.

B. HOLE SIZES SPECIFIED ON THE DRAWING. All fastener holes
not included in A above must have the size and tolerance clearly
specified in decimal dimensions on the drawing. These include,
bolts, screws, swaged collar fasteners, blind tockbolts, Jo-Bolts, and
Deutsch Blind rivets.

Hole sizes may be specified in various ways, such as by note at the
fastener location, or by a general note near the title block for each
size ond type of fastener used, or by a combination of such notes.

If the purpose of a hole is not readily apparent o note shall be
added to reference its use. This also applies to blank holes.

When o clearance hole is one bolt size larger thon the bolt, Manu-
facturing assumes the drawing is in error. To avoid misunderstand-
ing and deloy, a special note should be added. For example, if o
.313 hole is required for a 1/4 bolt the following note may apply:

313317 DIA. OVERSIZE HOLE FOR NAS 1304 BOLT

The method used to produce o hole will not be included in the
drawing callout; the size and tolerance will indicate the required
method,

Holes may be called out with or without the fasteners as shown:

.379
.375 DIA HOLE
NAS1306-7 375
BACNIO GW6 4 Holes for 26-XXXX
391
375 DIA HOLE
.375
5 places .190
XJ | 6F ez DIA HOLE
3 .187
4 places

NOTE: Solid § for .5 diameter or less.

17.251 SELECTION OF HOLES FOR STANDARD FASTENERS

The precision required in drilling holes for bolted structural joints
corriing shear loads is determined by the nature of the loads and
by the number of bolts ifi Th& joint. See Figure 17.251~1.

SELECTION OF HOLES FOR FASTENERS

) ) . Recorm mended
Joint Condition or Loading Fastener Type Hole "ype
Joint transmits large portion of load carried by airplane
component (wing empennage, etc.). Close Tolerance Bolt Clos- Rear (D
| Less than four fas- -
Joint subject to frequent load reversal (buffeting or teners in joint.
vibration) . ! Lock Bolt Transition Fit @
Joint subject to rapidly applied loads os a result of Four or more fas- Close or nonclose
high acceleration of large masses. teners in joint, Tolerance Bolt, Closs1 @
or Lock Bolt
Joint in fluid tight structure. All Close Reom (D
Joint in secondary structure.
Joint in primary structure:
A. Not subject to reverse and/or rapidly opplied loads.
B. Over-strength (margin of safety greater than 25 per cent All Class 1l O
in shear and greater than 50 per cent in bearing).
NOTE: Where resulting allowable motion in joint will tend to overload
adjacent structure, use Class | hole.

Joint in which tension only is applied to fastener with no reversed loads.
Joint where close fit is obviously not required, and alignment of predrilled holes
is difficult. Examples: Clamps, fairleads, instrument and equipment support Al Clawll @ @
brackets, junction boxes, lining trim, miscellaneous supports and brackets.

@ Hoala sizes for blind bolts are shown in 17.253.

(@ Close tolerance bolts may be installed in close reomed holes in ol materials.
@ Lock bolts in transition fit holes shall be restricted os follows (not for blind lock bolts):
A. Material single thickness next to collar shall be at least .25 times nominal fastenas diameter.

B. Total material thick shall not d 4 times nominal fostener diameter.

@ Class 11l holes do not necessarily provide the largest clearance advised for all designs. Where
the design allows, and either fabrication or assembly is more aconomical with larger clearances,
larger holes may be specified with sizes in accordance with 7.411.

Figure 17.251-1

R ~ 4 e ——— | mn e e e e s g
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17.252 STANDARD HOLES FOR STRUCTURAL FASTENERS

A. Hole size for bolts, screws, lockbolts, pins and other similar
structural fasteners are given in Figure 17.252-1.

B. Manufacturing practices for hole preparation and fastener in-
stallation for all but extreme design requirements are specified in
Process Specifications BAC5004 (for lockbolts and blind fasteners)
and BAC5009 (for both screws and nuts). The requirements of BAC
5004 and BAC5009 are specified by a note silk screened on draw-
ings near the title block. Special instollation requirements, where nec-
essary, must be clearly specified in detail on the drawings. In such
cases, it must be established that the requirements are within manu-
facturing copabilities and are economically justified: consultation with
the applicable divisional stoff is recommended.

Some provisions of BAC5004 and BAC5009 are as follows:

I. Fastener holes are required to be within 2° of normal to:
a. The surface under the head of protruding head fasteners.
b. The surface surrounding the top of countersunk fastener.
¢. The surface in contact-with the washer face of nuts.

NOTE: “within 2° of normal” is intended as a shop tolerance, in
cases where design is such that the surface under the bolt
head or nut is not nominally perpendicular to the hole with
1/2°, the drawing shall call for a spotface (per DM Bock 81,
7.4132) as optional.

2. The perpendicularity of installed fasteners is also controlled by
limiting the permissible gop under fastener head and nuts. This
gap is influenced by hole abnormality, cocking of fasteners heads,
lack of fastener straightness, abnormality of nut threads in rela-
tion to the washer face of nut, surface irregularities under nuts
or heads of fasteners, bending of the fastener and compression
of the clamped material.

C. Aluminum collars swaged on lockbolts can accommodate more
slope than nuts on bolts. The permissible slopes given in Figure
19.34-1 include the 2° deviation from normal allowed for shop hole
preparation.
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17.252 {Continued|
STANDARD HOLE LIMITS PER NAS 618 ® ©
Nomirgl Diomete Close Ream Transition Fit Class | .
omiral Dio q Ao e e ass Class Il Class HI
Min Miax Min Max Min _ Max Min Max ™Min “Mgx_ 1 ™an Max
5 067 067 081 .90
1 .075 .080 | .093 [CU.103
2 .088 093] .106 W) .118
3 101 06| 120 131
4 Use .14 el .13 147
5o0r 1€ | 127 32 1470 .158
PN : close 1 v [ s | el 072
DBor5/32 11635 | .1645 61 | 164 ream .64 -168 .166 g7 1192 1,203
10 or 3/16 l.18ys | 1905 87 {190 i .190 194 . 190 a99 ] 218 1 229
T3 2455 1. 2505 247 1250 diameters .250 .254 ~250 267 |27 T 20
5/16 23126 | 3130 $309 | 313 for 312 1316 .33 327 | .342 | 354
o 3E 3745 .3755 371 .375 .375 . .379 .375 .391 .404 416
76 [-4370 | .4380 .434 | .27 stondard L4377 | .442 438 | 457 | 467 479
172 L4995 1 .5005 496 | .500 fasteners 500 ! .505 500 | .521 | .529 | .54
$/16 5620 | .5630 .55 | .53 | 562 | .567 .563 .583 | 591, .10
5/ [.¢z45 L6255 621 625 | .625 .630 625 1 .645 652 | a72
3/4 {.749z | .7505 750 757 750, .773 | 778 i 797
| 7/6_|.8745 | .8755 L 875 882 875 | .898 | .903 .922
] 1 9595 | 1.0005 i 1.000 T 17010 | 1.000 | 1.026 | 1.028 | 1.047
11/8 1.1245 | 1.1260 | 1.125 1.135 1.125 | 1,155 § 1.153 V.72
11/4  1.2495 |1.2510 e L 1260 | 1.250 | 1.280 | 1.278 | 1.297
7278 73735 11,3760 ' 1375 1.385 | 1.375 | 1.405 |1.403 | 1.422
11/2 i.4995 | 1.5010 | 1,500 | 1.510 | 1.500 | 1.530 | 1528 | 1.547
Q Class |l hotes and G thru 6 holes cre not shown in NAS ¢18.
7 Oversize fasteners are for repair work only and <hall not b used in desi;n.
", Transitien fit for 5/32 830DX, B30DY, BIOGP and B20GE is . 162 - 165, nct per ' AS 618.
77, For holes with larger tolerances see note (1) in Figure 17.251-1.
- Washer required under fillister screw head.

Figl;r; 07,2527

17.253 HOLE SIZES FOR BLIND FASTENERS GROUP | 17.31 TOLERANCES
Haoles listed in Figu-e 17 253-1 ore for high strength blind fn.teners ~

{Hur+ Blind Bolt:

HOLEle(:Zggoi?\R&HBUACCKBB3LOIIS;D BOLTS arces smaller than 002 are necessary they shall be selected from
£y : 17311 and calied out on the d ino Ly symbol or note as
NCS,,.ningl Hole Diamerer ,l:,‘(i‘::: by ex”mp:; atled u Yihe Grawing Ly symbotl or note a
1ze . .
Minimum Maximum
B. These tolerances are mandatary for dimpled structure to permit
5/32 -1e4 -167 the use of standard dies. The sume {or larger} tolerances are pre
2716 .199 .202 ferred for courteisunk structure. However, countarsinking tools can
1/4 .260 263 be adjusted 1o satisfy special requirements.
/16 312 315 C. Drawing callout examples of an individua! tolerance included
3’8 374 .378 with a symbol as a general note
i 17. 1
Figure 17.253- BE ALL M520426 RIVETS INSTALLED FLUSH *305 (N
—6'— AREA INDICATED). o
17.3 FLUSH REQUIREMENTS
_ _ XFV| ALL BACB3OGY RIVETS INSTALLED FLUSH *005 (IN
fhe selection of countersinking or dimpling, and the flushness toler- 5 AREA INDICATED). o

ance that must apply, shall be in accordance with this section.

.
The norma fastener fioshiness olerance of 0

1
.005
BAC 5004 and 501% Drawings which require compliance with these
specifications need not cull out norma' tolerances. Ho vever, if toler

Ois included in

. Lk o e gt . -
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DRAWING FLUSHNESS TOLERANCE
FASTENER (D) NUMBER (TO BE SPECIFIED ON REMARKS
DRAWING)
+.005
‘ Aluminum Rivets Q'):ég?ggA --000 1. Preferred. Requires practically no shaving.
3
Aluminum Lock~ BACB30GQ +.002 2. For critical aerodyriamic areas. Requires shaving.
bolts -.000
+.002
-.004 1. Usual, as driven.
Maximum stem protrusion 2. Normal stem retention.
NAS1 399 above skin .020
Blind Rivets BACRI5DD A
Group 11 BACRI5DF +.002 1. For critical aerodynamic areas.
BACRI5DJ ~.004 2. Requires shaving.
Maximum stem protrusior. 3. Normal stem retention.
above skin .002
Shear Lockbolt BACB30GY
ear Tockhatls t. Cannot be shaved.
2. Cannot be installed in below-flush applications
which require aerodynomic smoother.
Tension Lockbolts BACB30DX +.002
Tension Lockbolts Stumps | BACB3OHG -.005
1. Cannot be shaved.
Steel Bolts BACB30LU 2. Cannot readily be installed in below~fiush
applications which require aerodynamic
+.005 smoother except with specialized dimple
NAS583-590 ~.005 tooling.
Huck blind bolt BACB30LA +.005 1. May be shaved.
-.005 2. Must be corrosion protected
after shaving.
Huck blind bolt BACB30LB +.005 1. Must be corrosion protected.
(D Contect applicable divisional staff unit for data on fasteners not included.

17.32 COUNTERSINKING AND DIMPLING

On o direct cost-per-fastener basis, countersinking a hole is cheaper
than dimpling. However, when the increased shear strength of dimp-
ling joints is considered, the smaller quantity of fasteners required
with dimpling may occasionally make the dimpled joint less ex-
f pensive than one using countersinking. In addition, limitations such
os thickness, material condition, occessibility, etc., apply to both
processes and will, in part, influence choice.

. e - e ——— e - — — = -

Figure 17.31-1

17.321 COUNTERSINKING

Countersinking is necessary where sheet thickness is toogreat to use
dimpling or in applications where the size or shape of an assembly
does not permit access to dimpling equipment. Countersinking and
dimpling are controlled by BAC 5049.

C e st fro— et 1 e g
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17.3211 MINIMUM SHEET THICKNESS

wornnimuom material thicknesses which are recommended for coun-
fercoxing are Lnown n Fagures 17321110 and 17 3211-2. Sheets
<0 than those ited most be dimpled Sheets whose thickness
Merient 1o countersink, may be dimpled it within the limits of
Soyre 1732272 These limits ore not vahd where integral fuel
cxorng s o requirement - see 17.5

roent rcknesses are bused on the maamun practicnl

rorng tolerances that would provide o watsfactory

3 on Do teraioving resuiting in o shorp edge is poor design
e atwre service ate s a foctor. Consult Stress Unit for nfor
o e iy et rrackness, i and spong thot wii insyre

Poert oy fateg e e for a specific design,

ok e Jboorred countersunk rivets

A LPAAA SREET THICKMIESS FOR COUNTERSINKING (D) 1

T T T
1 N b L o
O — . 1 F. i vl ‘
< F L
T,o= Thicknes of sheet o sheets countersunk.
;= Thicknese of top sheet held in place by flush head.
SRR
B I3325!8|532;31614 51| 38]706| 12|96 58
— Ly Jr
' ' i
i 051 | t64 | 08! 125125 | ise
; !
: 40 | 2 ' 050" 063 063 | 063
!
|

5 wa ! ogr lgs

" i3 o4n ) 050§ D63 |
LA

m,‘oooT 073" 093 102§ viz | a2i 1
) ! .

| { 1
249 149 ! 049 ¢ a9 0s7{ 957 | D66 | 066
< ' "
. : . |
- - + * t \
i B ‘
85 38 4 99 ¢ 212 24y Yy
,
i 2 T A Y e A R R )
C s h 1 ; l i
. ; ! !
! L | i | S T I | i

r,oar g combination ~f tastener arnd fastened

: see bused upor ecn flushaess. Where fos
ke mead o poermitted belew tush, values of snd Ty
stall be .ncreased by an amount equal to the marimum

permttert below flushness

Figure 17.32111

For gse witt sk doven flush heads

gore 17321807, salues apply to both countersink ond protruding
bue) rrivety whose <hanks are driven flysh in a countersink sheet to
o pameter of i 5 times the shank diameter.

THIS PAGE IS BES? QUALITY PRACTICABLE
‘ T
+150M COrY FURMBISHED TO DDC

MINIMUM SHEET THICKNESS FOR COUNTERSINKING

VT o
T; T) T| ll‘_—#s— P i S

BT wen Heng

T, = Combired thickness of shees.

T, - Sheet thickness ot the surfoce in contact with the
manufactured countersunk head.

Ty Sheet thickness at the surface in contact with the
shop driven head.

-
Rivet Size T, T, | Ty
1,8 .080 .040 .040
5/32 110 .040 .050
3.1 140 .050 .07}
1,4 L1590 063 .05C
5,18 .220 .063 . 100
Figure 17.3211-2
17.3212 CALLOUT
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Fegute 175000
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s reqQuirement Forconnteronk do e b i et e
1732123

2792 pia,

\279 !

|

.525 |

CSK 100° x .51 DiA. |
x 515005

4 PLACES ;

- e -

Figure 17.3212-2
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17.3212 (Continued)

COUNTERSINK DIAMETERS FOR 100° FASTENERS
NAS514, NAS583-590, BACB30LU, BACB30AB, BACB30BF

Theoretical Flushness |
Fastener Countersink Limits - For Reference
Diameter Diameter Only; Do not s@cify
on drawing
.233 +.000
No. 4 .225'225 - 009
No. 6 230-%3 j-%
No. 8 335332 +.000
316 390" 30 o
/4 515735 +-o0
.657 +.001
5/16 645
.645 -.018
787 +,001
ys 775 175 -.020
7/16 905729 o
1.050 +.001
V2 1.035; 035 -.026

(@ These limits are approximate because head sizes and
tolerances for various fasteners are not identical. They
represent variations of head diameter, head angle,
countersink diameter and countersink angle.

(D A change of .00} in countersink diameter will affect
flushness by approximately .00042.
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17.322 DIMPLING

Dimpling is used where sheet thicknesses are too small for counter-
sinking and where the higher shear strength of o fastener in dimpled
sheet will permit the use of fewer fasteners in a given joint.
Dimpled joints are either a combination of dimpled sheet and
countersunk instructure or of multiple thicknesses of dimpled sheet
as shown in Figure 17.322-1.

Figure 17.322-1

A. Extruded, forged or machined sections shall not be dimpled.

B. Dimpled parts subject to fatigue and heavy vibration shou!d be
made from 2024-T3 in preference to 7075-T6 provided strength and
other considerations permit.

C. Warpoge of sheet during dimpling, due to metal expansion dur-
ing forming, can be minimized by observing the requirements of

17.3221.

D. Warpage of dimpled joints due to rivet shank expansion can
be minimized by use of countersunk instructure and/or by non-ex-
panding shank fasteners.

E. Thickness limits and allowables for simultaneous dimpling of
multiple thicknesses moy be obtained trom the applicable staff unit.
In such coses, the total thickness of .heets to be dimpled at one
time is considered as o single thickness in Figure 17.322-2; drawing
notes sholl clearly designate areas which may be multiple dimpled.

Figure 17.3212-3

MATERIAL THICKNESS LIMITS FOR DIMPLING

| maximum® MINIMUM
ALUMINUM MAGNESIUM CORROSION RESISTANT steeL @
Dia |Portable|Stationary|Portable | Stationary [ ——Fortchle | Stetionory 1 0i | 010|.016 | .020 | .025 | .032 | .040 | .050
3/32| .050 .050 | .050 .050 .050 .040 .050 .050 /7;2 CAM
CONVENTIONALLL 063 2063 063 | 063 40 063 8 [CA ! M
RIVETS 5/32[ .07 071 .071 071 071 .040 071 N /32 CA | M
(Except BAC- el .07 090 090 0%0 090 40 090 V6! CT AT™M
RISCE) 174 1,06, ,09%0 | ,125 . 125 . 100 ,040 125 LGS0 N i/4 C | Aalwm
5/16| .06 .090 125 . 140 . 091 .032 125 .050 [5/16 C A M
1/8 | .050 .050 | 050 050 .050 .040 . 050 050 Fi/g [cal M
BLIND /2], 083 | .06 ,063 .063 ,040 .06 081 ¥5/32| C | AM
RIVETS V6] .07 .0 ,080 080 ,040 ,080 083 3/16 CA
1/4 | .06 090 | .125 125 100 040 125 050 |1/4 < A ™
161 050 ,050 | .050 .050 .050 .040 .050 (050 _J3/16|cal m
SHEAR HEAD /4 | .07 .07} 071 071 071 . 040 .071 083§ 1/4 Cl A M
FASTENERS 16 ,080 ,080 040 | 080 L050__J5/16 TA[ M
3/8 | 063 .100 . 100 X 040 . 100 050 | 3/8 C | A M
~lg .g} . . .080 .040 .080 .063 '8l clalm
0 1 [i] 100 040 100 . 110 C [ A M
TN AP 1174 1063 1090 0|14 . +040 140 050 T i/4 C T AT
37160 050 I 080 00 080 3 120 ,050 16 CTTAIN
38| .o« .063 | .080 125 063 025 .090 040 [3/8 C T A M

() Above the heavy line is the moximum material thickness for obtaining o
structural advontage over countersinking. Below the heavy lins is the meximum
material thickness within the dimpling machine forming capacity.

NOTE: Clearances for the stationary machine (CP-450 EA) and a typical port-
able dimpler are shown in Section 19, For other portable yokes see
Standord Tools, Volume Il .

Consult applicable C.A.D. staff unit for:

(a) Limits for dimpling titanium, or materials other than those shown.
(b) Limits when simultaneously dimpling multiple thickness of
materials.
@ Austenitic Group which includes 301, 302, 321, 347,

C - Corrosion Resistant Steel
A - Aluminum
M - Magnesium

Figure 17.322-2




17.3221 EDGE MARGIN

Where a dimple is sufficiently coined to assure proper nesting a
radial stress remains around the hole. The greater (less restricted)
expansion between the hole and the edge cacses distortion. This
can be minimized by:

A. Adding 50 per cent to the design edge margin. For design
edge margin see Section 18. Thicknesses less than .050 need only
the design edge margin.

-83-

B. Adding a stiffening flange. The minimum flange heights should
agree with DM 81, Section | , or as listed for formed sections in the
BAC standard poges. The flange must have sufficient flat surface
for dimpling die contact.

The use of butt straps without a flonged edge is not recommended
where no other stiffening member is present. Waviness in the skin
splice will result because of sheet stretch due to dimpling and rivet-
ing unless stiffening restricts the waviness.

-

1

1

LMM

bt 1.5 x Design

[

Edge Margin

2 &

Figure 17.3221-1

17.3222 CALLOUT

A. NAS CODE FASTENERS. Dimpling is colled out by the letter
D in the SW quadrant. See 17.211.

B. OTHER. Dimpled holes for flush head fosteners such as bolts
ond screws which are not covered by NAS symbol collout shall be
specified as follows:

BACB30AB-4-15
DIMPLE 100° 4 PLACES

Figure 17.3222-1

17.5 SEALING

fastener sealing information is found in:
A. BAC Process Specifications:

BAC 5000 Sealing (in general)

BAC 5047 Fastener Installation; Fluid Tight
BAC 5504 Integral Fuel Tank Structure Sealont
BAC 5732 Integral Water Tanks.

[ P XY S

Documents as specified by Projects:

1. D 15248 integral fuel tanks.

C. DRAWINGS. Projects shall issue sealing installation drawings
to define sealing requirements for each model airplane.

17.51 CALLOUT

The Project sealing installation drawings shall be referred to by a
note SEAL PER DRAWING 29-00000 on all Project drawings re-
quiring sealing provisions. Reference to BAC 5000, Process Speci-
fication for Sealing, shall be made as applicable on the sealing
installation drawing. In addition, these cﬁowings shall completely
describe or illustrate all sealing requirements not included in BAC
5000.

17.52 TYPES

Type and levels are per BAC 5000.

17.53 MAXIMUM SPACING
See 17.58,

17.6 FASTENER USAGE CHARTS

The following usage charts provide convenient reference and com-
parative dota for fasteners in common use. The BAC Standards
(D-5%0) should be consulted for complete information.

17.61 NAS SYMBOL FASTENERS

In this classification those fasteners appear which are shown on
drawings by NAS symbols.

Ammalhenedecnd cdoongins

i




17.611 SOLID SHANK STRUCTURAL RIVETS

84—

_a

SOLID SHANK STRUCTURAL RIVETS

PART SIZE
ILLUSTRATION AND PAGE MATERIAL DESCRIPTION
NUMBER RANGE
MS20470 AL 1100, 1/16 THRU | UNIVERSAL HEAD
80.90.1.2.1 AL ALLOY v8
5056, 2117,
. 2024, 2017
BACR1588 2024, 2117, /8 - 9/ig | CLOSE TOLERANCE SHANK
80.90.6.8 AL ALLOY UNIVERSAL HEAD
M520615M MONEL 116 - CLOSE
g 80.91.1.3.1 6 CORROSION AND HEAT RESISTANT
UNIVERSAL
MS20426 AL 1100, 100° PLASSH HEAD
| 80.90.1.1.1 AL ALLOY 1/16 THRU
i 5056, 2117, 8
1 2024, 2017
BACRISBA 2117, 2024 1/8 - 7/ { CLOSE TOLERANCE SHANK
; 80.90.6.7 AL ALLOY 100° FLUSH HEAD
I
4 BACRI5CE 5056, 2017 3/32 - /4| SPECIAL LOW HEIGHT 100°
80.90.6.9 AL ALLOY SHEAR HEAD
MONEL
MS2042TM MONEL CLOSE, 'TOLERANCE SHANK
80.91.1.1.1 CORROSION AND HEAT RESISTANT
100® FLUSH HEAD
1
Figure 17.611-1
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17.612 LOCK BOLTS & HEX DRIVE BOLTS
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Ctteceery e cerommended tor une when o reduction s cost
e o peranentinstaliabons, proaded the tensile
Gy e not e e caraen isted an T8 71 the joint requires
stosteners they are recommended 1

type by noreead arnag coblar of tmmum size for use where

(Gadn are privcare L ear he tenson type has o heavier heod and

The diameter tolerances for Jockbolts * U115 in 1 with swaoged «oliar.
are per NAS6 18, while closertolerances: G005 in and OGLG vy are
offered with Hi-Llok fasteners ithreaded rollar . Howe vaer, thiar: 5 o
higher cost associated with the Hi-Loks an comprred to forkbolts The
pull-type lockbolts have o L-inch pin tad. See 1821 iar allowables

Pull-type shear lockbolts und Hi~Loks are intendedfor shear applico -
tions where tool clearance is ade-juate. They offer excellent clamping
sction and good sealing properhes Pull type tensile lockbolts provide
good residual tension ond sealing preueries. Stump type tensile and
shear lockbolts and Hi-Loks are recomn.ended for applications where
thers is not sufficient tool clearance for pull type fockbaits

LOCK BOLTS 8 HEX DRIVE BOLTS - TENSION TYPE
PART SI12E STRENGTH MAX
ILLUSTRATION AND PAGE RANGE T0°F MATERIAL FINISH TEMP MATING COLLAR
NUMBER traveD: Fou °F
/32 - 1/ 250° NAS 1080 80.80.5.5
BAC BIODX /16 - 18 75 ALLGY STEEL | CADMIUM 250° NAS 1080P 80.80.5.5
80.81.6.15 /3R - 8 us0° NAS 1080R 80.80.5.5
5/32 - L4 CADMIUM 250° NAS 1060 80.80.5.5
MONGRID | eac esoce ¢ L a SAL - e % x266 o] B lmsioke ool
80.81.6.1% VI - i BARE s60° '} sacciog 80:80.£.30
BAC K300F /R~ V8 LR ALUMDAM ANCOTZE 2500 NAS 1080 80.80.5.5
80.81.6.23
5/ - L4 250 NAS 1080
BAC EI0DY 5/1€ - Y8 %5 ALLOY STEEL { CADMIUM 500 NAS 1080P
60.81.6.16 5/% - VB asee 1S 10808
DRI | oo on | (2558 1w [ow omew | BF M
§0.81.6.16 Vi - i 9008 BAC C30Q
BAC B00K, 5/3%2 - V8B us.6 ALUMINIM AN ZE 00 NAS 1080L
> 80.81.6.24
V16 - 516 2508 NAS 1080 80.80.5.5
BAC B3OHC ¥8 % ALLOY STEEL | cAIMIUM 250° NAS 10800 80.80.5.5
80.81.6.%0 V16 - 1/ o 4500 80,
V16 - 11 BIFF.CO.NT. 5007 BAC C30L 80.80.6.27
BAC B3OGF Vi6 - V8 [T ALUMINUM ANCDTZE 250° NAS 10800 80.80.5.5
80.81.6.2%
316 - 5/16 2500 NAS 1080 80.80.5.5
gacaaagm 3/!16 % ALLOY STEEL | CADMIUM 500 NAS 10800 80.80.5.5
0.81.6. 31 V16 - 14 4 NAS 108GR
ViE - 1 [ oPP.conL. | 9'155 BAC C30L 80.80.6.27
BAC B30GS V16 - ¥8 .5 AUMDM ANCDIZE 250 NAS 1000 80.80.5.5
80.81.6.2¢
==
BAC BILIC 537 - 12 % ALLOY STEEL | CADMIWM 2 BAC C¥X L8560k
B0.85.6. 2
““' o BAC BYNIC( ) A 5/32 - W2 % 4286 CALMIUM CR us0° BAC 306 30,185,628
30.85.6.3 BARE 400° HAC C302 90.85.6. 51
BAC BIONY /32 - /2 9 CADMIUM uyQe BAC C3LX M BG.BS.C.28
= 80.85.£.40
FAC BIOME ( 1A 5/32 - 172 % 4286 CADMIUM OR ange HAC 0K 80.86.6.28
““‘ ' 80,85.6.22 BARE sl Me 3z At e I
BAC_BIONY 5/32 - 12 % whleai CADMIUM [T BAC C30AI M %0.B5.€.28
80.85.6.39 Dol
BAC BIOHA V16 - V8 () ALUMINUM AMCDIZE 2500 HAC CI0P 60.80.6.29
80.85.6.8
4 P—
““' BAC B IOND 5/32 - /2 % 4286 CADMIUM OR e BAC €3CX #0.85.6.28
£0.8.6. 36 BARE A00° BAC 302 8C.86.6. 31
BA" BIONZ 5% - 12 9 CADMTUM see BAC C3LX( M 83.8%.6.28
> 80.85.6.4)
[E> 200 a0 sz B> av 509 a0 sTYIE

Figure 17.612-1




17.612 LOCKBOLTS & HEX DRIVE BOLTS (Continued)
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TH1S PAGE IS BEST QUALITY
FROM COF Y FURNISHED TO b o)

PRACTH.%

LOCKBOLTS & HEXDRIVE BOLTS- SHEAR TYPE

BAC B30GW 3/16 - 3/8 95 ALLOY STEEL | CADMIUM 2500 BAC C30K 86.80.6.26
80.81.6.28 u50° NAS 10BOE 80.80.5.5
_“"""“""" BAC B30GW ( ) A 316 - 3/8 95 4286 CADMIUM 250° EAC C30K §0.80.6.2¢
80.81.6.28 6 - L BARE 900° BAC C30L 80.50.6.27
BACB30GP 5/32-3/8 w5 ALUMINUM | ANODIZE 250° NAS 1080D 85.80.5.5
80.81.6.23
BAC B30GY 3/16 - 3/8 95 ALLOY STEEL | CADMIUM 250° BAC C30K 80.80.€.2¢
hllllllllllllllll 80.81.6.29 450° NAS 1080E 80.8C.5.¢
BAC B30GY( ) A 3/16 - 3/8 95 A286 CADMIUM 2500 BAC C30K 86.80.¢.2¢
80.81.6.29 3/16 - Wk BARE 900° BAC C3CL 8C.80.6.27
BAC B30LD 3/16 - 3/8 [T ALUMINUM ANODIZE 250° BAC C30K( ) F 40.80.t.2¢
80.81.6.37
ggCEEBgFT 5/32 - /2 95 ALLOY STEEL | CADMIWM 2500 BAC C30M 80.88.€..¢
BAC EIOFM( ) A 5/32 - 172 95 4286 CADMIUM OR 250° EAC C30M 80.85.¢0.2¢
||.“““ ‘ 80.85.6.1 BARE 800° BAC C30AB*D  B0.65.t.s.
BAC 03062 3/16 - 3.8 Ui, ALUMINUM ANODIZE 2500 BAC C30P 80.85.¢.1c
80.85.6.7
BAC B30MY 5/32 - 1/2 95 CADMIUM 250° BAC C30N 80.85.1.35
80.12.6.101
fggcsszgm 5/32 - 1/2 95 CADMIUN. 250° BAC C3ON £0.85.6.25
.85.6.2
BAC B3OFN( ) A 5/32 -~ i/2 95 CADMIUM OR 2500 BAC C30% 50.85.2. 5
20.85.6.2 BARE 8op° BAC C30AB*P  80.85.6.3:
h"““ . Sgce?gng( R /16 - /8 TR ALUMINUM ANOLIZE 250~ BAC C30P( )R  B0.85.6.1¢
BAC B30ONW 5/32 - 2 95 Yilen CADMIUM 2500 BAC C30M 80.85.6.15
80.85.€.48 TITANIUM
= s 20425 HEAD STVLE
Figure 17.612-2
— — —.—— ~ e« e
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CRODUH T Thene e g Jirength Stee. Lo tural Bhing tasies e
srich may e used waith vt savings e ot Bolis ang ploie
RIS e vt iy wren e oo sade o the ay " GOt eI L OdRoat areas T oasteieer s an Tl
RIS IR Y cor e s tallatees ot conventonal fusteners Tor 3 WL oond BACTE VLS L et Fy
Corros.an sited, see SJBG Ll pugying vels. Far dearances and are subjedt 1o the folioe g bt
typeca mstaliatior s see dedhon P
[ Sue primaridy s
Trawearg et shab e e 1022
Z. Peart Ot It e peranar et ot vl
Fee se caltowt o Groopdoshall be per 07 25
e tor rreop o ana e oup boshall be per BACS0A and newd 3 Use uni, where s v st Lt gl
e speOhied on diavang
4. Do not use whete Lolea fasteners coonad fa Stk
S are dvedea o three groups uccording 1o thert
S0 Desgr ullewables aar psted most Be sut dn ' fed b Teit dot
6. With jamts of ureqgual sheet thickngsies o
shall be the one thot upplies 10 the chet
lowable.
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Figure V76130
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BLIND FASTENERS — RIVETS

ILLUSTRATION

PART & PAGE

NUMBER

SIZE
RANGE

MATERIAL

FINISH

MAX

DESCRIPTION

TEMP °F

A P A o
i ek RILLI The minimur blind side sheet
T d et - — thickness allowed when usina
S v R TR - NAS 1398 or NAS 1399 blind
rivets is D/4, where D equal:
. the hole diameter.
- } —
’% s Hole filiing and locked stem
Lol e N o
. Tl - s
Lo R L SR -
S SR ,
. L
TE - R s
? g Non-=~hole filling locked
- - stem ~ for thin sheet
L installotions
B AN . Non=structural
Hollow river usea onty for
3 CAIVTH e nut plate ottachment

Figure 17.613-2
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17 62 THREADED FASTENERS

17 621

BOLTS
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TAPERED BOLTS - SHEAR TYPE

PART S1ZE STRENGTH MAX.
ILLUSTRATION AND PAGE RANGE TO*F MATERIAL FINISH TEMP MATING COLLAR
NUMBER maveo) Feu °F
BAC B30KD $71y - ) 108 ALLOY STEEL | CADMIUM & 80.60.6.
_m““ 80.2.6.42 110 A m‘_ﬁ_" mmc mom“m 80.60.6.50 |
BAC BIOMU V16 - 1 % 6/L-4Y CADMIUM us0° BAC N2OHY(M)  80.60.6.50
80.13.6.6 TITA LY
BAC B30PB V16 - 1 108 ALLOY CADMIUM i BACN1OHY (M)
—“““' 80.2.6.5) 110 A 2 [ TASSIVATED | 5% BAC N1OHY(A) %8250 —
BAC B30M4 V16 - 1 95 6AL-4Y CADMIUM 450° BAC NIGHY(M)  80.60.6.50
80.12.6.9 TITANIU™
TAPERED BOLTS - TENSION TYPE
gs‘:?”?';‘; ¥16 - 1 108 ALLOY STEEL | CALMIUM uso® BACNLORD  80.69.6.57.1
BAC BIOPD(A) VIE - 1 HO A 286 dmjun BACN1ORD(AM) 80,60.6,57,1
—“““' 80.2.6.53 Silver 900° BACNIGKBIAY 80.80.6.7 7. 1]
BAC BOPE V16 - 1 108 ALLOY STEEL | CADMIUM LT BACNIORD  00,60.6.87.1
80.1.6.126
BAC B3OPE(A) 16 - 1 no A 286 Cadmiun S aAcnmnn(m)to.so,s,sv,’
“““' 80.1.6.126 ‘i"‘ 900° «80.8.37,

Figure 17.621-5
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A Comparison of tanium and steel

TITANIUM FASTENERS

HEARHUM  STEEL COMPARISON

Itesans

Taanum

Stee!

Weight

163 Lhs/Cu

284 Lbs/Cu in (74%

heavier)

Cotronion
Reimtuanice

Fgual to CRES

Cadmium plated steel not
as goud as titanivm

Galvanc
Cateannn

Equalto Cadmium
plate

Cadmium plote - Foir

Magnetic 1.0000% Alloy Steel = High

Permeabiny g 302 CRES = 1.003
104 CRES =1 020
AZBG = 1007

Alluy 6AL 4V See procurement specs,

Temp Limaty

450 (Linnt of
Cadmium Plute)

450°F {Limit of Codmium
plate)

Quality
Cantroh

Equal tu steel plus
fulique: 1e4ts

See procurement specs for
tequiremenls,

-92-

C. Usage

litunium fosleners are primarily used where weight s the pome
considecation [see Figure 17 6211 1 ot weght compurison) Theo
use 15 subjedt to the toliowing limitations

Figure 17 62111

I General Intormantion

Drawing: shall show fastener installation per Boeing process spe-
tifications BAC 5004, BAC 5009 and BAC 5054 as upplicable.
Drawings should specity that the torque for nutsused on titanium
bolts be in accordonce with BAC 5009

Itamum, tubbing or shding against itself or many other mate-
nialy, such as alloy steels und cotrosion resistunt steebs, will gall
teadily This resulls in the creation of severe stress risers tend-
ing to early fastener failure. Avoid designswhichresult in motion
oo the bolt surtoce

Tnansom bolty shall not be uied in dose reamed holes in steet
or composite steel aluminum structure whare tightening from the
bolt head side iy required. Galling of the fostener shank ysuolly
resulty in these installations and creates stress risers leading to
early holt faliure.

Only ttosnium fasteners shownn Figure 17621 1,2,4, and 4
sholl be used. These range frum .19 inch diumeter through |
inch digmeter

Fasteners of .19 inch diameter shall be vsed unly f the cout 'l
conforms to the specific requirement of the Project involved

The roted ultimate strengths for titanium fasteners chail be

arcordance with 18.21 and (8 22,

The wintsirengthund edge margintablesin 18 25 1, 182773,
and 1823 4 sholl be used for titanium fastener designs as ap
plicable

BACBJ3OMR, titanium tenvion fasteners, from 24 inch diameter
through 75 inch diometer, may be usedinprimary tension op
plicatons

The use of tdantum in contuct with hquid oxygen 15 prohibited

since either the presence of fresh surface, as produted by ten
sile rupture, ur impact nay matiote o vialent reaction Tmpoct
of the sudfuce i contut with higuid cryger. may resoll v
reaction atenergy levelsosiowas 10ft b In gaseous axygen,

and from temperatures of 250°F and above, a partiol pressure
of about 90 psi is sufficient 1o ignite o fresh titaniom surtuce

Titanium fasteners shall not be used for single |oint connections
such as control rod and attachment, structural pin joints, or
applications where the fastener is subjectediorotatingor sliding
motion because of potential frefting or galling of the htonium

bolt.

Titanium bolts shall be used only 1in conjunchon with steel nuts
that are lubricated with a molybdenum disulfide dry-film meeting
the requirements of BMS 3.8 The proper nut combingtions are
labulated in Figure 17.621 1,2, 4, and 5

Collars for shear type and tension type titanium hex drive bolts
are prescribed in Figure 17 612 1 and 2

Nuts for Taperlok fasteners are prescribed in Figure 17.621-49

_ad
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17.6212 SELF-LOCKING BOLTS EXAMPLE  Bearings, Bushings, Clamp up bushings, Pulleys,
Cranks, Levers, Linkages, Hinge pins, Axtes, Shofts,
Selt lotking bolts shall be used in instollotions v .ch do not altow Spindles, Gears, Cams, Com Followers, Shding

e usn ot Lelf lodang ar casteliated nuts tupped holes, etc).

The logciang ochion of self locking bolts nioy be uchieved by two

Cerhid

£ phastie insert installed nn the thrended portion of the bolt fthe
use of thas type oy himited 1o temperature environments upto
P LV

rrcoraoieal dosplacement of the thread pach diameter ithe temper
ature hoototioos of this type are controlted by the bolt material
ot finishy

mechanisms, and Pivot points

¢ At any single holted stcuctueal joint which sesves o0 o pr
mary load path, the failure which would endanger the safety of
personnel or would render the equipment inoperative or couse
its destruction,

EXAMPLE  Fuxed jonts, Tie tods, Struts ffixed length memibers)
Wing aftnchments to fuselage, Stabitizer surface
altuchments, Longernn joints, Alighting gear joints,
and Fngine mounts

Beah vy of setf lodong bols obtain the locking oction from friction 4 Fasteners thot contain a self locking element design which in
created by the interference bhetween the mating threads. Locking corparates on inser! or partthatis non-metallic shall not be used
toraue and other perdformance requirements are subjedt fo canfor in parts where the locking efemient will encounter keyways,
maonce 1o PAILE 18240 slots, cross-hales or thread interruptions.
B Self Locking Esternolly Thieoded Fasteners shall be Subject to 5 Fasteners shall not be used in assemblies which require that
the: Follow,ng Limitations fusteners be removed for routine servicing purposes more times
thun the number of removals specified in the appraved lock
| bagteners shall be selected ond used in o manner that will ing element or fustener specification or standard.
permat tunehional and dimensiona! interchangeability with a
Pt that hos only the ottributes described and defined by the 6 Fasteners shall not be used on jet engine aircraft in locations
applable standards and specifications. where o loose fastener could fall or be drawn into the engine
air intuke scoop.
2 Fasteners sholl be used only in opplications thatpermit engage
munt with complete internal threads over the minimum external 7. Fasteners that have had the locking element reworked or re
thread processed by other than an approved manufacturer shallnot be
used by contractors or field muintenance personnel of the
3. Selflocking externaolly threaded fusteners shall not be used us services
follows
8. Selflocking elements clussified as 250°F are intended for use af
a At jeints in control systems, at single attachments, or where ambient temperature conditions {65°F to 250°F) and are design
lass of the fastener would offect safety of flight. ed to function satisfactorily at temperatures thry thot range
b, As un axis of rotation for another part unless the fastener 9. When fasteners are used in applications requiring controlled

is held by o positive locking device that requires shearing or
ruplurs: of matenal before torsional loads would be applied to
the: fostener in such a marner as o relieve the initial stresses
of the assembly or turn the fostenes Yoose

torque, such as clamping molded goskets infuelcells, considera-
tion must be given to the maximum and minimum locking tarque
permitted by the locking element or fastener specification or
standard approved for use.

—




17.6212 SELF-LOCKING BOLTS

10

:Continued)

For the et iodking elenient designg that icorpooate anomsert
o pered ot vy non metalice the entening end of threaded holes
wned o conqunetion with el locking externally thr caded tastener
sholl b coontersun 20 50 TG degrees. Thin counterunk shall
tave s oonmuom diamiecter 015 m larger thanthe major theeod
Airnneter Dbiastoaer Thie gt prevent hra thread from cotting

thee st lotking ecrement

Dnthreaded holes o portions of holes thru which the Todang
devicr of tautener must pass shall have o minimuim diameter
watfeceat v dean the todang clementaf the speaficanions of the
odang device to protrade beyond the mas
tof the threod

faoterast st the

Tt g it

Lethioong extecnally threaded fastencos shall aot be gsed wath
pienn ooty casteliated nuts, or sell locking nuts.

17.6213 NON-STANDARD THREADED FASTENERS

A

DEFINITION

Bolts, screws and threaded pins which are unavoilable under MS,

LRV 7 44

andards becaute of one or o miore divstinguistong

foeaytyce qne o gitied gy non Sandard

JSAGE

Avea e desgn of specal fasteners for the following reaser o
Comiared 1o stundord fosteners, higher <osts ure normaily e
Lotk procurning und gsing ron standard stems pecoause of low
voivme, spec.al dentfication and nspecton procedures ond
pussibie Teguirements for customer upproval o seme instonces,
deceivpment ard quabhication testing are necessary

procurement Lt replucement

Contumer patts becomes more

LA M LI A

Siroee DRAPLSS Soan wtocaard tiotenecy CeCELYny e u;.«_,qn

W L drestert Vit St st Ve nden o dugree of
ety e e s ot ke s antage of
g LTy e bac e e e e eGlo gy g e bean the

A R A N L T o 1A

-94—

-

Fruder: selechion of the purt chararternistcs and manutacteoing
wphors Allowed will usynlly resuit o Pegher Qualty gurts 9 tre

Murimurn cost

GESIGEEBRACHCE

it andard Loy, stre s g gty bl ge L LT L A LA LI T

woth e ‘r;il(;v/nrvg COnS GO

Specifications

golte, screws ond pin wbach are om0 bonere e e I
vetfurmance catieyg ard JROTE g N NG Bty LE e L
eoent peloncG s e desspoed 1o Ltlae e e
cotercent peafication o atandorg Lot elaotedg frogm )
ALV N PRV Y} ST T VAT . ) R | SN vI vy bt ot show i s e

ronuordance mith AL B 7838 us alinwoble cution Ly g
MILS 7742 threods for MILB 7875
theeads For proresses whorh oot yary from e bolt peciesg

permanatle to sobhityre

Nt theat teatonens platig, ete o call ot g specfieanon o
accaordance with Procedures Manuo' 94B) Sechon 10.092 Len
Sertion 18 71 for descnption of variaus thread formes

Highly reliable bolts and pins

All ferromagnetic bolts and pins, which are used in areas where
the fo'lure of such a part would endanger personnel or would
become o hazard 1o the functional operation of the vehicle, are
classified as “highly reliable”” and must undergo magnetic par
ticle inspection per BAC 5424, Class A. A special note on the
drowing is necessary to indicate such a requirement.

Avoid hollow shank fuse bolt design becouse it has proven im-
practical to control processing (particularly heat treatment) to an
odequate leve' to maintain failure strength of fuse within narrow
design limits. Whenever possible, use conventional bolt design
as fuse bolts. Allow o minimum tensile sirength variation of
t 15,000 psi.

Materiols
Although some of the specifications listed in Figure 17.6213 |
provide o larger schedule of materials, it 1s desirable to stand

ardize and limit the materials selection 1o only those shown n
the Figure 17.6213 1. See item 7.c for drawing requirements




17 6213 NON-STANDARD THREADED FASTENERS 1 i1, 0ed

oot ared rolied feeratiires

Fogud Vaepin, olled head 1 shank fillet radiss, und rolled

(IS

e cequiiea dor baghe steength and fohigue applications
tha: e of beaded blanks o preterred Where strength and/or
fategue conaderatices peomil, ollow machining from bor stock
2o allowng dor optional machining should oppear un the

BIRRRCRLG |

e Yired wrazeotatg

Sy permating non standard bolts should utitize standard
wcencbarg by speclying head dimensions which conform o the
e it andards Thy witt avod added fabncation and main

7T T
Srodeprtt gl e rearbaed v aecodagne e it BEA G4E T
i, co b hiad ke oy tegrngily ronserd e
vt b heads and depre i Hr b

s aebactyre’ s ddenhfcation

A eesrate ety
Sttt te s o e detanled oo sepnente dessngn e
ot sl dbfferences from the standard ol

et e g

b Dtnenng type
ton standard belts whose sanmton from g tandaed o nigpletel,
desiyned by Boeing, may be released by the proed oo g e

duchon relense drawing

faesn stescedenrd Goite ot Lt Yot e b o e saen oy

Sheald b telegne

wectior 1 g

tdon standarg bolts with a1 Juicement that abolute rontegl
of seplocement bolty after de very of end product Yo cudomme
be from specibied sources, shodd be released nna wource con

trol drawing
. Matenal colunm

For nonsstandard Lolts sbich are essentally moditied Sandarg
bolts, the matenal (olumn should only - how materiols celeoned
from Figure 1/ 623 1, whereas highly relable parts ate Dooted
to H 1L TARAS G4BY) or 45540 (BMS 7 26}

4 Stk vize

s preferoble to make nan standacd bolts from heoded blanke
with an option for machirang from bar stock [t i theretore
desirable 1o indicat. a suggested stock size’ o the aptional
sach ming process i the stock size colymn

¢ Suurcr rontrol

Wt iy required to ot the son gy for tensons of cpecal vy,

farturing procesue, qualif abon testn elo g note should apgear

oo the droeing as folluae

Frocure from XYZ Bolt Company, Address, City, State

e fieatio e connGl ey e et AR

QUTLINE FOR THE DESIGN OF SPECIAL BOLTS AND PINS

H.(:s.i )Runge Mét)ﬂict Application Procurement Spec. Thread Spec. Type(oéﬁnish
160 - 180 (4) 4340, 8740 Tension BPS-F-69 MIL-5-7742 0Q-P-416
or Shear MOD Type II, C1.3
180 - 200 @ 4340, 8740 Tension BPS-F-69 MIL-5-8879
or Shear MOD Cad. Fluob.
- — - T NAS672 or AMS2416;
20 240 H-11 Tension BPS-F-69 miL-s-8879 [ o
or Shear MOD
270 - 300 4340M Tension @ MIL-5-8879 BAC5804
or Shear MOD
160 . 180 A - 286 CRES Tension BPS-F-69 MIL-5-7742 T -
or Shear MOD QQ-P-416
200 220 A - 286 CRES Tension BPS-F-69 MIL-5-8879 or Passivated
_ B or Shear MOD
tHOTE: The use of headed blanks is preferred.

Where strength and/or fatique considerations permit, allow mochining from bar stock.

@ Temperature limitalion 450°F. For temperatures up to 900°F use AMS 2416 finish. Other finishes may be

specified if needed.

Matenials Sprcificotions: 4340 pe- MIL-S-5000, 8740 per MIL-5-6049, AMS6322,4340M per BMS 7-26Ct.2.

@

A-286 perAMSS737, H-llper AMS6487
@ Consult Staff Unit for recommendations.
®

Use A)S) 8740 or 4340 for bolt sizes thruugh 5/8 and A1S1 4340 only for sizes over 5/8.

Figure 17.6213-1




17.6214 SPECIALLY SURFACED STEEL BOLTS

Specially surfuced steel bLolts, pins and studs shall be used for
apphicanons where galling would cocur with standard codonum
ploted stect Lol See Boor B Secton VA for recomimended wgifnce:
Treqireantsy

17.6215 BOLTS WITHOUT COTTER HOLES

Bolt. wahinot cotter holes shall be called for when used with self
Ttk oo See the code o exsnple of part qumbec oo HAS ond
BAC cardard pages for pooper desigoation of bolty a bt cofter
LT

17.6216 OVERSIZE BOLTS

See BAC 5004 and BAC 5009 for a hist of oversize bolts, lockbolts,
b <hear rivets and hole sizes

Crewraze bolts shall be used for repaic work anly. They shall not he
used 0 new design, and shall not be called for on drawings. How
ever, hithings should be designed large enough to permit the use of
gversize bolts 1o the shops or replacement by the nest larger size
standard Lolt o service repat. Cleorance ond edge margin for the
nest lacger e stondnrd bolt must be considered i order 1o avoid
replacemant of an entire fitting due 16 damoge of o bolt hole

17.6217 RADIUS CLEARANCE

Lur 1o bk darge heod to shank radi on o s prottading heod
fasterners g TIAS 13073 Senes, BACBSOMI, BACBIOLIA Seriey,
et o problem ensts. Radiys dearana: may be oblained
by cronteranking the stracture o adding o washer under the head
fprefoeed

For el ceasons o dearance shall be provided foc Class Tand
Close Ream holes oy desernibed helow Radius dearance tor Class T
and (b T heles 5 not o stractural problem, however the design

shiould e vode ample desrance
Approatately Q0B chamfer can be obtained by noting

BREAF SHARP EDOES OF FASTENER HOLES
O ELTERING SIDE PEE BAC 5300

Where woshers are used to provide clearance-

Use ar 0f 0 bk alumangm washer (AN 960} it loss of prefoad iy
of v e Wk o rouatersunk steel wash.er MS 20007C, BAC
WA ol ot preload v of concern. Drawing notes shall
sper by e rechinn of counterank face 10 mate mith the fastener

repedi

NAT L

st ey beosed godecthe head of BACBSOMT b It

~96—-

17.6218 BOLTED SLOPLING SURFACES

Selb o ahignig st BLHETOET el e g e it g g
st e g e e o B b pergie e Tge g e e

ari, b e boltd Ol

Fagure 1/ G700

17.622 SCREWS

17.6221 TAPPING SCREWS

A LIMITATIONS for Use puer ALL TUGET CAaborne Applicationr,
Tapping Strews Shall tiot be Dsed Under tha, Following Conditaee

I Asfasteneds for the fabncation of prurary Stegeture

7 Where the jont i cobject o cotation whot would toad 16 onen

the screw

w

Ay fasteners for structure o occessoniy where failure oght
result in danger o damage 1o the goplane o personnal

4 Where loss would pe it the cperang of g pomt 1o ar How or
leakage.

o

Where required 1o ot thew own thieads and are subimeg et
subject to replaocement without increase o duaneter yize

6. Where subject to corrouive mediorns woch ay eabaat go
salt spray, et

B CLEARANCE HOIES
Clearance holes are used as necesuary b0 permad ports 1o Le drawn

together and 1o allow tolerances for matching hole patterny See

Figure 17,6221 1

]

B A s




17.6221 (Continued)

| PROTRUDING LENGTH |
THREAD ] THREAD

f T ‘*’
SizE | MAJOR | CLEARANCE
DIAMETER |  HOLE FORMING | CUTTING
_ ) SCREW |  SCREW
N t
Mo 2| 086 | .106" ]u])l l O
Y S S } —
! ! 133 |
} No. 4, .112 | A8 .55 | .27 .21
e e _
No.6 | .13 157,87 2 5 |
T e —
No. 8 | 164 182705 : ® 25
219 ‘
No mJ 190 209 500 46 32 ‘
I N 4} —
‘ 244
No. 12| .216 | 234 "54, J 49 Q 1
o 76 -
No. ML 242 W15 .55 Q) !
N T E ™ R 5
1/4 .25 1 <2615 O) | 7
(1) SCREWS NOT AVAILABLE IN THIS SIZE 4‘

Figure 17.6221-1
PG

Thee tength of Yapping orrews anstalled i sheet ayeemblies ob ol be
coerothat at least cwg complete theeads of the grig exends beyond
e gstembly Seleor ctandard lengths by adding the Uprotroding
tenpthe shoan n Fugure 1/ 6220 1 1o the materal thickneses
Thee Cprattuding tengths’ inclode lowance for oonus tolerances
on e wren Staadard sorev leogths ace 250, 312, 879, 90,
Go, SN R/u V0G5 E A0, VTS and 2.00 Both length and
diarnete are andicated by the MG dash nymber In MS 24618 21,
217 etk o dameter of 138G 6 wrew; and o length of 75

U PAATEIAL A1 CORROSION PREVENTION.

Steel sorewy gee cadmiym plated Corrosion resisting steel screws
are pass oted lapping screws wsed o aluminum olloys sha be
installed with o phanolic or aluminum washer. The washer and srrew

shall be nated with 2ine chromate paste before inse:hon so as 10
cenpletety seal the connection

17.62211 THREAD FORMING SCREW

A TYPE

() TYPE A (STD PAGE NO. 80.30.1)
M
S24615 | STERL @ ATV
MS24616 CRES

MS 24617 STEEL

= @)
M524618 CRES Head

(@) SPACED THREAD WITH GIMLET POINT

Figure 17.62211-]

_97_

B RECOMMEMNDID USES
I In place of wood screws.

2 in hight non structural assemblies to reduce cost und weght

tn wood or plastics and in combinations of wood, plastics and
metals.

~

HOLE SIZES

I Anterference hole sizes, which are sufficiently undersize v seryre
the screw, are listed in PMS24631 (8G 30 1 9 These are simalar
to, drdl sizes and should be shown e e callout gy the < omie gl
vz Fiatgre deilling tolerances per DM Book 81 Sedg,r /40!

sball be added to obtgrn the e

Colernre b egamigie b

e

o 8 Type fowccen v GU7 alunangn ally, cheer s

2 Clearance hole sizes are showe in Figure 176221 )

17.62212 THREAD CUTTING SCREW

A TYPES Thread cutting screws have ends of Type U F, G, or T,
ot the manufaciurec’s option. Do not specify

-

- .

MS524627 A_1 i

| @30y L
MS24627 STEEL @ ‘
- - e 82° OK .\\\\\\\\" -
MS24628 CRES ]
MS 24629 STEEL

MS 24630 CRES @ GMW
. HEX
BAC 5128N STEEL SLOT
(80.30.6.16) OPT'N

e _7_—{
@ MACHINE SCREW THREADS WITH FLUTED ENDS

Figure 17.62212-1

B. RECOMMENDED USES

1. For attachment of name plates, etc , where rivets are imprachcal
due to remaoval and replocement of plates Replacementof serews
raquiras the yse of the next larger diameter screw

2. For atachment of name plates in blind holes

C. HOLE SIZES

1. Interference hole sizes are listed in M524634 (80.30.1 10} These
are similar to drill sizes and should be shown in the callout as
the nominal size Fixdure drilling tolerances, per Book 81 Section

7 411 sholl be added to obtain the plus toleronce

An axample for No. 6 Thread Cutting Screw in 063 aluminum

1
alloy sheetis 110 ;o

2 (Clearance hole sizes are shown in Figure 17.6221}
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17.6222 DRIVE SCREWS

MS21318(80.50 i.1})is a round head, corbon steel, cadmium ploted
screw Insertion s by driving without wrenching

A RECOMMENDED USES Drive strews may be used to ottach

nameplates not subject to repeated remuval and replacement.

B LIMITATIONS. Do not drive in metals oo thin to resist domage.

Sheet thickness equal to screw diameter is considered minimum

C. SIZE The recummended size for use with name plates s tio
4 which has o maximum diomete- of 114

The available lengthy are as fotlow

211 25), 22(.31), -23(.38).

MS21318 19,12, -20(.19),

) | : 109
Interference holes are 104 104

For other drive screw sizes see MS21318

17.6223 WOOD SCREWS

Wood screws are obsolete for new design UseType A Threod
Forming Screws

17.6224 SET SCREWS

Figure 1/ 6224 2shows hendless set screws with hex socket and with
theee point types Screws with her sockel are preferred for Boeing
dewgn to standardize installaton tools. The pointtypesare illustrated
ond described below

Cone Point

Z,

Flat Point

R ——

Figwe 17.6224-1

_98_

HIAS 1081 provides et locking sel serews ath Hat or e oot

A CUP POINT The cup pomt s the preferred port for e erai
use. This pomnt s the easiest 1o procure feom commer i snureas
It may be used for permanent or simi-permarectlocaton o machine
parts where cotting of the shoft by the “harp pont oot o e
iunable, It shiould not be used aganst hardened shafty and v Leidom
spotted in

B. CONE POINIT. The cone pomtivespeaially adaptedior peroanent
focation of o mochine part It may he uied agoinst hard or oft
shafte and <hould always be spotted o The induded angles of the
spot and point should be the sone

C. FLAT POINI. The figt pomnt is to be employed where freguent
resetting of the point is required with the least posuble damsge to
the surfoce against which the point bears It mey be used ugainst
hardened shafts but 15 not suitable for spotting in

aa

—ta-m . A ___a




17.6224 SET SCREWS 7 .. ey
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SET SCREWS — ALLOY

STEEL

PART 8 PAGE

MAX

Figure 17.6224-2
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17.623 NUTS
A. CONTROL SYSTEM APPLICATION

1. CLAMP UP. Use only all metal self-locking nuts on
bolts that are used:

a.  To clamp up on the innerraces of bearings and/or
bushings.

b Throughont the power plant contro} systems in all
clamp up applications.
NOTE: On steel alloy bolts use steel alloy nuts such as,
BACNI10JC or BACN10GW; and, on CRES
bolts use only CRES nutssuch as, BACN10JC*(C
or BACN10GW*A (* dash number).

2. UNCLAMPED. Use non-self-locking nuts with a sepa-
rate locking feature such as castellated nuts and cotter
pins on bolts for unclamped staticorrotary joints with
bushings or bearings.

B. LIMITATIONS APPLICABLE TOSELF-LOCKING
NUTS

I. Nuts of the No. 10 and 1/4 sizes shall be used only
with bolts, screws, or studs that have not been drilled
for cotter pins.

2. Corrosion-resistant steel self-locking nuts shall be used
only with corrosion resistant steel bolts or screws.

3. Round or chamfered end bolts, studs, or screws must
extend at least the full round or chamfer through the
nut. Flat end bolts, studs, or screws must extend at
least 1/32 inch through the nut.

4. Plate nuts shoil Se installed with rivets, screws, or
projection sporweching. If projection spotwelding is
used, control shicl be maintained in order that re
moval, by dnling out the welds, permits repiacement
with standare inbied plate bolts.

5. Nuts which are attached to the structure shall be at-
tached in a positive manner to eliminate the possibility
of their rotation or misalignment when tightening is to
be accomplished by rotating the bolts or screws. The
manner of attachment shall permit removal without
injury to the structure and permit replacement of the
nuts.

6. All self-locking nuts that have had the locking element
reworked or reprocessed by other than 4 nut manu.
fucturer shall not be used by contractors or field main
tenance personnel of the services.

7. Special nuts, which depend on friction for theiranchor-
age and torsional rigidity, such as clinch nuts, single
rivet plate nuts, and similar devices, are notacceptable
for use in aircraft structural applications. They may
be used on aireraft equipment and component parts,
such as instrument mountings and electrical equipment.

8. Self-locking nuts shall not be used in conjunction with
bolts or screws on jet engineaireraftinlocations where
the loose nut, bolt, or screw could pull, or be drawn
into the engine air intake scoop.

17.6231 NUT USE CHARTS

The following charts of nuts are divided into nine groups.
These groups are determined by thread height, material,
and strength.

See Figures 17.621-1 through 17.621-4 to determine nut
usage for particular bolts.
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17.624 PLATE NUTS AND
GANG-CHANNEL NUTS

Plate nuts and gong chonnel nuts of aluminum alloy of any type
shall not be used in primary structure for tension applications.

Steel plate nuts ond gang-channel nuts may be used for tension
applications.

The restrictions of 17.623 alswo apply to self-locking plate nuts and
gang-channel nuts.

The specifications for nut plates with NAS numbers are referenced
only on the BAC Standards pages with which they aie grouped.

17.6241 GANG-CHANNEL
NUTS - DRAWING CALLOUT

Gong channel nuts shal! be called out by BAC Commercial part
number as specified on the applicable pages of the BAC Stondard
Book, D-590, unless the stock strip must be cut other than midway
between two cdjocent nuts. The gang nut strip must be detailed to
show the end dimensions of special cuts, and it shall be called out
in the drawing parts list as follows:

A.  An individual dash number of the drawing shall be assigned to
each gang nut channel and placed in the PART NUMBER column,

B.  The BAC number minus the code for the number of nuts shall be
ploced with the name in the NOMENCLATURE column.

C. The commer< al part number noted on the BAC page shall be
shown in the STOTK SIZE column, together with the number of nuts

in the strip.

O.  The name and address of the vendor as shown in the illustrated
callout on the BAC poge sholl be ploced in the MATERIAL column.

G1000-3-4 v
- NS 7 3 1V ) RS S
STOCK SIZE MATERAL
. (APPROX NE')

8720 EAST IBTH STREET,

' NUT CaNG CHANNEL
¢ INA; oB7P8,

! NOMENCLATURE

' UAYHAR MANUFACTURING CO. INC,
CALIF (GR EQUIVALENT).

LOS ANGLES 21,

A seporate detail drawing shall be made for each specially cut gang
nut channei which is used on more than one drawing.
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17.6242 PLATE NUT HOLE
CLEARANCE - DRAWING CALLOUT

The: wrtew hole wize to b punsbed o dedled to oogten g st e
plute nut v to Lo attachied shall b Cla 0 e b 10000
and shall b specdied at thee pa aide ator fo the plate o o
shown below

NAS 680A3
/ .229
'2‘8.218 DIA HOLES

To avoid excessive repetition on drowings which coll 6t o great
many plate nuts, the clearance hole size may be omitied from the
plate nut port indicators, and the hole size informaticn odded to
the general drawing notes as follows:

CLEARANCE HOLE SIZES FOR PLATE NUTS SHALL CORRES-
POND TO THE SIZE OF THE PLATE NUT AS SHOWN:

No. 10-32 .2|8~§f§ DIA HOLE

Size Plate Nut Clearance Hole Size

17.625 SHEET SPRING NUTS

Sheet Spring Nuts are light in weight and economical. Their use
is controlled by MS 33538.

e -~
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17.632 SHEAR PINS

Shear pins may be used as fasteners o relivie eistiess, v -
side for intentiong! separation of mechanicall, mores pe The
shear pins are designed to thear when the s 4 o n hes

predeterrined .alus.

When the decign requires these types F shoar ping, s o 1w
criterio must be cunsidered:

A, The shearing ec
mGst e wept 1o g minimom se, that failure 8 the shear i i not
cending stresses. Shear ring should be

sy must bt weld defined ood sharp. U leacandes

appreciabl, infloenced ty
irstatled with g tignsition fire The intedc. e clearance netpeen
sheoring edyges should be in the oder W8t irgined whee uning

RO17.252 Thous D holes (hased on pieosizer, aith o masimom jpteo-
face clearonce of 10 per cent Lf the shear pin dinmete: .

B.  The minimum strength tar shear pio materinly, e.oept * o stand-
ard fastenes goplicotion, i taken from the ollgwable strengtg speci -

[ FS T T T T PYP A S
P AP TR T EURTR

1. The predictabilit, or sotiability of rinimom and mas -
imum shear strenqgths are strongl, influenced b, the
shearing edge candition and clearance.

2. Shearing edge material must be hard enough t5 insure
that the edge will naot break or deform during the
shearing action.

4 Steen gt gl geabies that appear s Sectes 1B hould e or te gnaed

b ngreaen gt ned e sheae oo e e b allcisnb e de

greered oro ar creee s streogth treom Wtk bugridernor Jotarineg vt
i "’l"’l"’”

- S e e e - ..
-10%=
J
. Hmicre v oe piee Ty e I e gl e rins e apntica-
o rust e vvwee b e nmple e ponte fagtene d Ly s
P it i ion o S e,
Coen et e et Yt g e nadd e ot et applied
Ceed gt t o et Fitiere e rriote 3,3 st Lo
Gioa e o tete o e d ey shecing boe s

npmeabie et

e et sty b b e ey i o LN e
cendel wnape e b b e i el e e iy ey,
J P T P P T PSP S SFY KR SR PRI PR
‘ b ey e [ T T I R T R T
i e b e e e 7 - R P S T B S AT IR TV RDTIN
Ao, At ey | Vouhieear pire e [T fapar ot
e e g ndpe Y b P peng et biees G [T P
sible .

2 For critieal applicass ae, o Spee iheatioe Contcd Degaing 0o
Boe tog Drandant e, e prepesoed L ontel e e ge sreenigth,
iy e sheer st pthe e b I ok g drawin g iy prepared, the

requitements st ine Lude o Teast the follswing  Material, all di-
engonsg, stength reguice cente aond testing cwthod . D2-2060, P -
cedures of Mechanical Testing of Alrciafr Stouctural Fasteners i
secommended bor tasteners.  Shear pio drawings should ey o note
to the effect that meterial substitutions per BAC 5005 e not allowed
without prior approval of Engineering.

G.  Always use the largest margin possible for shear out over the
maximum operating stress.

NOTE: Consult the applicoble divisional staff for: Stress allow -
ables, material recommendations for shear pins, shearing
edges, inserts (when used) and dimensional {imitations.
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Figure 17.632-1




17.6332 {Continuec)
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| End View of
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Staple
“  Dashed lines indicate
the lowered or form-
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formers,

Side View of Metal Stitcher

Fioure 17.6332-2

17.6333 DRAWING CALLOUT

A drawing symbo! shall be used to indicate metal stitches whenever
they oppeor on drowings from either the driven or clinched side.
The symbo! may be made freehond using the approximate dimensions
shown below. On o long row of stitchas only two or three symbols
on each end need be shown .

-106-~

{
T
It

Typical Met~! Stisch Diawing Symbe!
Y g 2y

59 Approx .20 Apprax

The process specification shall Le called for on tre drawing by ¢
general note with symbol, such as:

| I METAL STITCHES PER BAC 5404

Spacing for metal stitches mo! be indicated by odding tc the gen-
eral note above, the required information, such as:

SPACE APPROXIMATELY___INCHES or EQUAL SPACES.

Otherwise, the spacing shall be dimensioned on the drawing.

Flush stitches in soft material shall be indicated by a note on the
drawing. When it is desired to restrict clinching to a particular
side, a note shall specify:

CLINCH FAR SIDE or CLINCH NEAR SIiDE

Unless this is so noted on the drawing, the shop will usually clinck
ogainst the harder or heavier material.

The edge margin and starting point of each row of stitches must be
dimensioned on each drawing as shown in Figure 17.6333-1. When
it is required to place the stitch ot an angle to the centerline of the
row in order to prevent cracking of the material being stitched, the
symbol shali be shown at an angle and dimensioned as shown.

Starting ~—»4 °
Point )(i 150?(5)°
R I
| AN
Edge]

Margin

Figure 17.6333-1




17 633 METAL STITCHING

I S e o e e et e e
e e e e b elt gk Base e e
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17.6332 CAPACITIES AND DIMENSIONS

T et tecomaiended mateonl thckie s snloae b oo

vt g gototduetiren '.!.nhmq G ptese st egiagment e e fogere
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STARLIFIG MACHINE CAPACITY FOR VARIOUS MATERIALS ()

Mar
Mo . |
gl
Pdurmbor of Sieat Lol Gt
Matecal and Brmark (1) ko vy
fo s L

Clod 2024-0, 3003
Clod 2024-T3

Type 302 Annealed
Core Resist. Steel 5
(T:{)‘r’f ggz's'l/ %,’::}d 12 sheets of 016 I ox2 | .02
18-8 Ful!l Hard

Stainless Steei

Wood and Plywood,
Rubber, Rubber-bonded| .75 possible on fine
Coanvas, Canvas Card- | grained wood. .75 --
board and Asbestos

4 sheets of .040 .160 .102
2 sheets of .040

T 064
e
2 sheets of .020 ¢ .040 .0327

o

—

Plastic, Hord Plywood |Type of plastic and
(Compressed and Im- | amount of compression | .38 --
egnated. ) are governing foctors.

Molded Phenolic, Too brittle; cracking
Hard Rubber, tendency does not -- --
Procelains permit stitching

—

@Ally cambinahion of qages of ooy one metal the sam ot which
Ao not eacerd the maxamuom total thackoess bisted above, - on
be wtitched, providing that no mdividual cheet of the camting
ot exceeds the ouemum single sheot gage hated tor that

mateninl

@Spm the recammendations cannot be made for apphostions which
use combn ations of metal and soft non metalhic natenaty in
such caves, taal testy should be made, consult the appl Cble
stoft

Figure 1764311

Figure 1763321
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17.63 SPECIAL FASTENERS )
17.631 PINS USAGE CHART p
PART
PIN TYPE NUMBER MATERIAL REMARKS )
Cable Eye R
Flat Head Pin 3
Pin Recommended Use: In shear applications
m © N where little or no tension loou exists, such
PR STEEL os fork ond eye connections. Use in ploce
of bolt and nut will save weight.
~——- Assembliy
Dowel Recommended Use: As on olignment 4
index in symetrical assemblies to
STEEL avoid improper installotion. Dowel
pin ond moting guide hole must have
NAS 607 HfR/ESEENED diameter larger than any bolt holes
© to insure pin can only fit in correct
hole.
—BAC-P18C [
Two Hole 1
© B Cable Recommended Use: In place of flat head
2024-T pin when direction of removal is unknown
BAC P18C STEEL —Pulley O time of instaliation,
s e
Pulley Guard i
Sh Pi
i °% "7 pac P1gp
Quick Release BAC PIRAL Recommended Use: Primarily in shear
\ BAC PiBAIA 4130 applications where quick disassembly is P
@ -.\ng FAS 1754 STEEL necessary. Handle types available: Ring
1146 (illustrated). “L", "T", or button,
Availoble in drive out or non-drive out
types,
Pin
= Recommended Use: In shear applications
STEEL Shoft when installed in drive fit holes.
1AS 16,4500 AND Design limits and hole sizes: Per M533547,
CRES
- Collar 4
BAC PI
Seal Retainer Pins 8G
Seol Extrusion
| (— Recommended Use: To attach seal cloth
________________ to BAC-1520-484 or BAC-1520-470
BAC P18G CRES Seal Cloth seal extrusion.
Safety Pin
——MS529523
Recommenaed Use: To attoch sofety
MS$29523 CRES chain to structure.
&z’ “~ Chain
Cotter Pin Recommended Usoge: As o safety
retaining device.
Cotter Pin Cadmiom ploted steel pins may be used with
FAS 24644 STEEL cadmum plated fastene o teoiperature-
% CRES ap 1 450 )
CRES pins should be used we curtosive areas
ot an non magnethe applications ap to 800CF
HOM BOLE SIZE 'IU];/AI')/IO 3/8'/,!6]!/7 wmls/a s,u:lms |L el 1ora
STEEL 134 8/ 357 55 360 36/
MS2466% -
CRES DASH MNOYS 1493 304 3/a 376 377 379
MY 1) 191 338 408 410 411 413
HIOM COHTER PIN Itexda | 332t 1748 [ 1,80 1,2 LBt 341882 1/8x2 12
S512E
Figuie 17631 1
" adl.




17.64 WASHERS, SPACERS AND SHIMS
17.641 WASHERS

Washers shall be seleded from the following standards in the order
of preference shown for the application needed

To, protect the surtuce of the structure duning mstallation of a

-103-

A maximum of two additionagl washers may beased 10 alloa ior goy,
adjustment of the Lol

For prevention of dissimilar metal corennin bebaeen aaobasr o

fastener by tghtening, one standard washer may be used under

either the bolt head or the nut (whichever is being turned).

structure see the finish document hsted o DA Boak 81, Saction 14

@ To distribute beoring lood over a greater orea to prevent com-
pression o material under bolt head, screw head or nut.

more washers is preferred to the use of a bolt of special length
or washer of special thickness.

@ To preve t galling of aluminum or al'-ninum alloy sheets less
than .05) thick ond other soft materials when bolts, screws,

or nuts are tightened, or by lock washers (per AND10476).

®

0]

STD PART M £
TYPE DWG NO. MATERIAL RECOMMENDED USAG
M520002 Heat-Treated Allc, Steel Per O, @, ond @
BACW 10BN o
Al Alloy {Clad 2024-13 or General usage @ , @ , @ , @ ,
AN960 T4). Carbon stee!, CRES
and brass. @ + and @
BACWI0AT Steel and Alum Alloy Large |.D. for use with tapered shank fasteners per
Plain @,@,@,ond@.
AN970 Steel Large OD for use on wood.
MS27183 Steel Thicker and larger than AN%60 per @ , @ s
ond @ .
BACWI0P General usage for washers not found in other stondords.
NAS1197 5052 Al Alloy Per (&) with magnesium.
MS20002 To obtuin o clearance with the large head-ta-shank
Cuuntersunk Heot-Treated Alloy Stee! radii on high strength fasteners, in designs where stiess
BACWI10BN will not approve the required countersinking in the
material under the fustener heod. Also and
Lock-Split MS35337 Steel Where no* restricted per AND10476.
MS35338 CRES
Ms35336 and Bronze
Lock - Tooth - P — See Standard Page 70.7.1.0
MS35790 Carbon Steel ond Bronze
Counter Bore AN9S75 Steel With AN386 Taper pins.
Setf Aligning BACWIO0BT Steel Concave and convex washers are used together.
hes With BAC-S14C vibration insulators (shock mounts per
Vibration Stop ANB013 Steel and Al Alloy AND 10405 and AND10407).
MS19070 Steel With MS19068 lock nuts to retain bearings.-
Beuring Retainer s . o
With ball bearing, self-aligning rod ends to prevent bolt
BACW10Q Steel head from slipping thiough end in case of loss of batls,
BACWI0U Steel and Al Alloy
Dimpled 100" BACW 107 5052 Al Pes @ with 100° csk fasteners.
__FK'LCLN_]_%M_ For 220 K5I Bolts Used for accurate control of
g EACV/10AP Heat- Treated Alloy Steel For 160 K5I Bolts preload in boll 10 obtain ma-i-
RACWI0AQ For 125 KSI Bolfs mum fatigue life.
(D Used under nut to compensate for difference in bolt grip length @ To insulate dissimilar metols against corrosion. Wherever
and material thickness per 19.512. possible, the washer material should be similar to the
Io the interest of weight savi ' h ded material upon wkhich it rests rather than to the bolt or nut
s am " P velg s:vm?., :Yo me:” are ret;‘ommen fe material so thot corrosion, if it exists, is created between
wamum for any one application. wever, the use o the reploceable bolt and washer instead of washer and

fitting or sheet. Use 5052 aluminum alloy wushers with
magnesium alloy per DM, Book 81, Sect. 14 4323.

Where material next to nut is steel, use MS20002 steel
washers. Use 2024-T3 or 2024-T4 woshers (AN960 for sizes
1" and smaller; BACWI0P for larger) if material next to nut
is aluminum alloy .

Used next to plastic laminates to prevent crazing caused by
driving solid rivets and swaged collars, see DM, Book 81
Sect. 24.311.

Figure 17.641-]

e ond.
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17. 642 SHIMS, PLATE NUTS

TYPE PART NO. MATERI AL 5‘5’5 THIC KNESS REMARKS
Plain Plate Nut Shim NAS463 1010 Steel or better ?Z ]%I o6, 032
Type W |NAS463C Cres (301, 302, 321,0r347) | 77 ‘0638 o9h )
NAS463D 5052-H36 5/1& s | . For general use with plate
NAS4630D | 2014, 2024, 7075, or 5052 | 3/8 nots:
o O O Type T [BAC-518L 2024-14 7/16 | -0728 156
— (Type W only)
BAC-518M M : No. 6, 88 10 125
- O agnesium ]/4[ 5/16 8 3[
. 024-14
- Type F BAC-518U 202 ;;]48& .125, .188,
J
8 .250'8 .312
. . 1010 Steel or better For general use with. plate
Hloating Plote Nut Shim NAS463 Cres (301, 302, 321, or 347) | No. 6, nuts.
se 10 | -018, 032,
Type X |NAS463C 1/4 -063 & .090
(o Q O) NAS4630 5052-36H -5/16
/8
o o O Type Y |NAS463DD | 2014, 2024, 7075
o] O o] Type B BAC-S18M Magnesium g‘:‘ ]60’ 125
1/4,
5/16
8
oo() Type C 4
Countersunk Piate Nut Shim NAS500- 1010 Steel or better
@ Type W |NAS500C Cres (301, 302, 321 0r347) | 080. 090 For use with 106° dimpled
-~ ‘0;‘ |’/4 * &' 1'25 sheet, Use of csk plate
NAS500D 5052-36H : nuts preferred to use of
hims.
5 O © Type 7 |NAS500DD | 2014, 2024, 7075, 5052 sims
et
Miniature Plate Nut Shim
.032 ond
T A No. 2
@@ ype thes 063
.375
(@ Type B NAS 1195 2014, 2024, 5052, See Standards | For use with miniature
or 7075 Page plate nuts.
o Type D
cQ

Recommended Use: With plate nuts, to increase material thickness to accommodate grip of bolt. When attaching plates, panels,
stc., which would be removed for maintenance in metals of vorying thicknesses it is - -eferable to use shims so bolts may all be of
wme grip length to avoid instollation errors. Use washers per 17.641 with hex nuts. Drawing Callout: Per Pm [1 4900

—

Nut Plate Typical instollations
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17.643 SPACER, SANDWICH BOARD

-11l1l-

(D The note, INSTALL PER BAC 5085, shall be added to applicable drawings.

FASTENER 7
) STYLE PART NO. | MATERIAL | NOM DIA remarks Y TYPICAL INSTALLA_TLQNO
2024-74 No. 10 For use in primory aluminum
Sleeve 1/4 structural sandwich with skins
5/16 thicker than .040
Sleeve BAC-518AB |, 7075-T¢
Plugs
BAC-518AB T
No. 10
CRES
Type A See 1/4 For use in primary steel structural
Plug for Countersunk Standards 5/16 sandwich with skins greater than
Fosteners Page .040
See Standards Poge for
applicab.le fasteners.
Type B Plug for Protruding
Head Fasteners ] —— . I I
For use in secondary aluminum
structural panels with skins
Yhinner thon .040 or secondary
structural load attachments in
2024-T4 No. 8 primary panels with skins thinner
No. 10 than . 040
P 1/4 Dimple formed with hot dimpling
% dies.
g BAC-S18AC
7
|
7
Z
%
May be used with any 100° CSK
N fasteners which will fit the speci
o. 8 : o fied inside diometer except pull
416 CRES | No. 10 :;n:‘?f“’ in steel or titaniym type lockbolts. See Standards
/4 page.
Especially designed for flooring
attachment; skin thicknesses less
No. 8 thon .040.
2024-T4 No. 10
N /4 May be used in any secondary
N loading & spacer opplication.
N
—\% BAC-S18AD Dimple formed with hot dimpling
y \ dles.
Ll
May be used with any 100° CSK
CRES fasteners which will fit the speci
See As above in steel or titamium fied inside diameter except pull
Stew nrd anels type lockbolts. See Standards
Pog'e. - i ] page-
0 Strength of these joints is dependent upon the sandwich construct a. Conuultthe apploable dovenal wtaff ueat for idormation

Figure

17.643-1




17.64 3 (Continved) -112-
FASTENER
ST . TYPICAL INSTALLATION
YLE PART NO. | MATERIAL NOM DIA REMARKS CAL INS
Sandwich Board Spacers
No. 8, 10 :
Sleeve Type A o and 1/4 l
————— o ugs ! For use in sondwich board, )
) ! bolsa wood, etc. fo pre- /_\_;{-/—Hone/comb '
Type A ! P -
} ,,,,, ype . vent crushing of material.
| ' = !
1 e 13 |- BAC-518P Thd ’
1 s | | i 7_=1V_spocer |
i 5061-T6 | Tioe A, B, or.C, p.lug ! -
| may be used with either | -
! . Type A or B sleeve. For ! — BAC-S18P
! | installotion dato see | - spacer
‘ BAC-518P | Standards page.
. Type B :
i g Core Bolt ;
i Thd Sleeve i
| [UTree A |
]
R 10-32 For use as o self-locking N ?
i Li!?m‘f tapped hole in sandwich
DS board, etc. - !
} 2024-T4 r Core Bolt |
l
Type A, B, or C plug may == BAC-S18C ?
be used with either Type A = spacer
or B sleeve. See Standard T
page for installation data.
2017-T4 ;/8 &'3/32 Stronger in shear than
— BAC-S18C or 6'"' . SI18P. See BAC-518D
_____ 2024-T4 L&’ ]8/‘] J for installation data.

17.644 RIVET, SPACER HZAD,BLIND

Figure 17.643-2

r STYLE PART NO. | MATERIAL |FASTENER REMARKS TYPICAL INSTALLATION
| NOM DIA i
Head used to space sheets. Sheet
. . 1/8, 5/32 | Installed withCherry or
Spacer Heod, Blind Rivet &/3/‘6/ Slympic rivet gon. BAC-R15Z
Lo Pull-Thru | BAC-R15Z Break-off type (preferred
‘ T Stem 5056-F with blind rivets) limited é‘N‘Zé'é
‘ e w .U Break-Off | BAC-R158Y to applications where the ore rivet
J Stem BAC-R15CC broken stem can be retrieved
on blind side. See Std pg
[_ . o I o | for installation. B o ]
Figure 17,644~
17.64%8 SPACER, RIVET AND BOLT
P STYLE PART NO. | MATERIAL | FASTENER REMARKS TYPICAL INSTALLATION
- NOM DIA
2024-7 & Gen Usage : Spacing sheets, i
NAS42 4)30 or 863 g;gzrn'v’:;’ wire bundle clamps, pulley i
Steel guards, et<. with rivets. Pulley
Spacer L
2024-T & Same usoge as NAS42 with
No. 4 NAS43 Spacer
NAS 43 14130 or 8630 . bolts & screws except not BAC 5] 8K
Steel thru 1.00 for pulley guards. tpacer
_________ 2024-1 X
! CSK Spocer BAC -518K or No. 8, 10 F?r use with top sheet Nut & Bolt
| _ Y 60611 |and 1/4 dimpled.

Figure 17.645-1
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17.646 SPACER, PLATE NUTS

-113-

STYLE PART NO. | MATERIAL | FASTENER REMARKS TYPICAL !NSTALLATION
NOM DIA
Plate Nut
Plate Nut Spocers
Plate Clam
: ~ Twolug | BAC-SIEF | g0p4-7 No. 10 P
Type R For general stand-off Boit
| @ BAC-518G 6&?; 1/4 & 5/16| spacer usage with nut
— plates. Two lug type pre-
j ° ferred where space permits.
Plat
O\ Onetug | BAC-SIBR | p0pu7 | No. 10
o Type
3 BAC-518S Tube 1/4 BAC -C I5F-S
I 6061-T / Clip
Plat -
2020‘:]' To attach lining with Lining
BAC-CI15F-5 clips.
BAC-S18W Tube
6061-T BAC-S-18W
Figure 17.646-1
17.647 NUTY, SPACER PLATE
SPACER PLATE NUTS STDO NO. | MATERIAL THREAD TYPICAL USAGE
Cast
Heavy Duty 356-16
- BAC-N10DW|  forged .10-32
_______ 2014-T6
For stand-off attachment
of equipment etc. parallel BAC-W10DY
to mounting surface 190 - 32 boit
Light Weight
BAC-NIODY | 2014-T6 -10-32
Two Lug Y
Light Weight BAC-N10DZ | 2014-T6 .10-32
Clomp
B p— T 190 - 32
: Q’ NF Bolt
bo-m oo ! BAC-N10DX{ 2014-T4 ,10-32
Structure
N

Deawing Callout Per PM 94B1 Section 10

17.648 RADIUS FILLERS

Radius fillers ore allowed a maximum gap of .040 per BAC 5300.
When less maximum gap is required to obtain increased tension loads

Figure 17.647-1

or reduce deflection, the allowable maximum gap should be noted |

on the drawings as follows:

MAXIMUM GAP BETWEEN RADIUS FILLER AND THE RADIUS

OF FORMED PART (OR EXTRUSION) SHALL BE .XXX.

|

“— Radius Filler

! {such as BAC 1512)

‘J L—.O‘O Maximum Permissible

Gap Per BAC 5300

Figure 17.648-1




26.01 General
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APPENDIX I - BOEING DESIGN MANUAL
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SECTION 26

ADHESIVE BONDING

el GRENFRAL

1o~ ~oction contates antariaion to dae i the selection
o cadhesives lon stractueal ana non-strocturad applica-
tons I adsn presents guidanes concerming typical juim
cortizunations ana data on stroaath o and comparative
st

26.02 REFERENCES

Documentation and specifications for structural bonding
are ¢ ite different from non-structural bonding because
of the rigid controls required for structural bonding, and
consequently are listed separately.

26.021 STRUCTURAL ADHESIVES

A, BMS - BCEING MATERIAL SPECIFICATIONS
1. Shea Stk

BAINS -0 Laminated  Muminum  Sheets -
Structurally Bonded

Adhesave Systans

[N

BAIS H-42 Structural Adhesives for Metal-to
Metal Assemblies AF 9330 8ystem.

BNIS 5000 Maoderate Temperature . Curing
Stiuciural Adesive Systen.

BNIS H-70 Structural Adhesives for Metal to
Metal Sundwich Assemblies FM61
System.

BAIS 5-80 Moderate  Temperature  Curing
Structural Adhesive System.

BMS 5-89 Corrosion  Inhibiting  Adhesive
Primer

BMS 5-90 Structural Foaming Adhesives

BMS 8-30 Structural  Foam~-in—-Place Ad-
hesive

B. BAC - PROCESS SPECIFICATIONS

BAC 5452 Structural Foam Bonding

BAC 5514-542  Structurally Bonding Metal-to-
Metal.

BAC 5514 Common Bonding Requirements

for Structural Adhesives Systems.

BAC 5514-551  Structural Bonding with Moderate
Temperature  Curing  Adhesives
(BMS 5-51).

BAC 5514-570  Structural Bonding with BMS
5-70.

BAC 5514-580  Structural Bonding with Mod-
erate Temperature Curing Adhe-
sives (BMS 5-80).

DAC OO =08y Application of Coriosion Inhibit-
ing Adhesive Prinar

BACSHH14-590 Siructural Bonding with Foaming
Adhesives

26.022 NON-STRUCTURAL ADHESIVES

The following specifications should be called out when
applicuble as indicated by Figures 26.711-1, 26.711-2
and Paragraph 26.714.

A. BAC SPECIFICATIONS

BAC 5010  Application of Adhesives

BAC 5038 Processing of Acrylic Plastics

BAC 5407 Structural Bonding of Metal to Wood or
Plastics

BAC 5444 Bonding Shims and Fillers

BAC 5447 Processing of Thermoplastic Sheet Materials

BAC 3472 Bonding of Cork Composition Ablative In-
sulation Material.

26.1 ADVANTAGES OF ADHESIVE BONDING

A A adbesive distributes stresses more uniformly
thraughaut the bonded area than mechanical fasteners.

oA Londed exterior joint in an adrplane or acrospace

Biche present~ o ~mooth acrodynamic surface to the
Sements thius climinating the drag caused by non-flush
wechantical fasteners,

. The use of an adhesive bond can reduce the weight of
the system,

1. \With the proper sclection of the adhesive, the con-
tinuity ol adhesive-bonded joint reducesthe probability
ob leakage, and therefore, can climinate the need for extra
gaskets or sealants. This is an important advantage over
rivets where buckling of thin metal sheets takes place
between rivets, making gasketing or sealing mandatory.

F. Adhesive bonding may be faster and less expensive
than other fabrication techniques such aswelding, brazing
or mechanical fastening with rivets,

F. o Galvanic action will not normally result from the
bonding of dissimilar metals. The adhesive used is gen-
crally o good diclectric and thus can bond and insulate
simultancously.

(i, With proper care to prevent warpage, theuse of clasto-
meric adhesives permits the bonding of dissimilar materials
with widely differing coefficients of expansion. This is pri-
marily applicable to nonstructural bonding.

H. Bonded sandwich construction presently offers the
optimum strength-weight ratio for certain structural appli-
cations. See Section 216 for design information.

I As a result of the more uniform load distribution,
structural adhesive bonding increases component fatigue
tife.

o The viseoelastic characteristic of adhesives in lam-
inited sheets improves resistance to sonic fatigue.

c
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26.2 TYPES OF ADHESIVE BONDING

26,21 STRUCTURAL BONDING

~ . : ' NN
, L tean s
v a4 '
. o N oo o
' v i S eyt
et IR . Car Doty

Design information on structaral adhesive bonding .~
mven o 26,6 and structuria adhesive bonded hopey -
oty sandwick panels oo Seeton 216

26.22 NON-STRUCTURAL BONDING

Troatte i oo e Coneade pod Hhose it s

seruiee acthont e ndangering the safety of
Plaey are ot gseed wbo re strachoral ontegrni
At e e bond stoengen peliity s b G dower
~aare ased fo jomng ity
roandetadsoatalo stroe-

oo stract g addbiesgy
: Lot~ Joa
e norpdhug mannly cosicerns eetan s metag fasteniing

o pnastios,

o neran i shear stoenptnoof con stractaral adie s
St raggn et JU00 1200 pes ) the el oot

s brann T SE0Eh G per ek waah
AT e A Paaster apel e i
I Sractaral bHond 1N i Cat ons
S o <ot snandatars,

Diesign information an non-stractural adhesive bonding
o ghven in 26 7. Non-structural adbesive bonded <and-
woach paneels e aounigue systemin themselves, not repre-
senting adhesive honding as sade mforeation sy be
found an Secthion 218 (new)y

26.3 FORMS OF ADHESIVES

weibesives are avatlable e abasctormes o bydispersed
i Budizing carrer soluvent, cither argate of aqueons,
and 02y tree of volatle carrier. The Tatter inclades filins,
cobventtree pastes, powderssand ot meits

The first form of adhbesive is most common beciguse anr
drng can be emploved G oy sases Tooreneec thie
Carrier flutd for desclopnient of o gond bond: oo, cann
roon patit brashies ar spray grans can bessed to o apply
e, depending an the i

The carner - free adhesives are rapudly gitining fuvor as
the miost practical for assembly line structurald bonding
Theey provide the strongest adhesive bonds oblainable
In this class of adhesives are (1 adhesive films, unsup-
ported or supported; (2) lump und powdor adhesives
which are breited and cured by heat or solvent reaction,
(33) pustes, solvent free, which must be cured to develop
cotwsive steength, ‘The epoxy resin based paste adhesives
are among the most versatile adhe-ives available
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26.4 DESIGN OF ADHESIVE BONDED JOINTS

kY JOI™T TsTGN e

< sl

i
o<

l

r b s

YT TN S B DUE T R

U .
EARTIREEELY STH ) M) selepstics of adnesiies S ee s

foas st Sesss are ot ounatnrgags detrnted
S teies THU GG OSIOe G T e e st T T e s

e g

BT EERES OF JOPSUTS Sehietion of adnos e gt o
SOtis s B EOILPEOINISe b tead strength e prepera

St cost The desapgnn o tnetad T et o,

o s e

Oy the magnitude ane direction of the ool e ot e
Have 1o bear Fagure 264-1 shoas severin possibi
jomt configurations. Tn non-stractura applications de
moare than selection of o decared jont confignration s
sequired. However, o stractural apposations, morn
detigled ronsderation st be geven to e cifects of
the indiadual jomt on the part confyraration and joag
distribution

C O ANGLE JOINTS  The lower portion of  Figure
26 4-1 presents an evajgiation ol angle omis tor resis~
tancs to cleavage  aginnst four difretons of strees
appacation. When heavy secnons aare bondeds the parts
stoatd be designed <o that the adio~iie - a0 shear
Chvage stresses <honld be aooded or ananage o when—

el possible

b BUVT JOINTS Batt joints arcvastly fanraisted su
arvoanpractes beciase of probable Solane when oaded
i tneton T cases where o hutt foint most be nde a
honded stear component shoudd ovistalong at st part
of the bund line

F.o LAP JOINTS Luap jomts arcthemosteomonly vsed
sdbesive goints, Peik stresses develop ot te ends of the
lup due to the ceeentricity of loading resalting from the
finite thickness of the joint and the differentiag <train in
duced  between adherends and adhesive by the Joad,

Fo o SCARE JOINTS. Scarf joints are butt joint- where
the joint angle s less than 90°% The joant s relanuely
costly o produce. Because of machaung requiroraents
it ean not be used on thin stock.

G JOGGLE LAP JOINTS Joggle faps arc a means of
hining up tensile forces in jomning thin shect or parts bat
~should be avoided af complete sealing of the joint s re
quired

— - e ——————— e




264 DESIGN OF ADHESIVE BONDED JOIN'TS

(Continuedy

Ho STRAP JOINTS  The strap, double strap, recessed
Aonhile strap. beveled double strap, halt lap and double
Lap all provide goad resistiance 1o bending stresses

IOoSTHRESS CONCENTRATIONS, Stress concentrations

Ty pes of Stress

| Lap Joint Batt Joint

Shear Tensite

: Types of Joints

Unsatisfactory
in tension

L | |

Buu

]

Good  Practical

Very Good
Usually Practical
Bevehed Tap

: Scarf

e me—

I
I
\
‘ Jogple Lap
!
i

——

Srap

Very Good
Usually P'rivtica)

Good
nless Complete
seabing is Riequired

Fiur
Sometines Desirable

f t

TYPLOAL JOINT CONFIGURATIONS

Angle Joint Stress Fualuation

-137-

at the ends of o Jap joint tend to result an an apparent
tihing stress lower than the actual or theoretical value
(This apparent filing stress s defined as the observed
breakimg oad divided by the lap areiy Ithas boen found
that the fuiling stress s independent of the width of over
Lap but divunishes with increasing length of overlap. Fig
ure 26.4-2 shows the effect of overlap length at room
temperature.

Bonded
NMembers

Lap Joim

I*eed
(One ar both
members flexibley

Cleavage
( Both members
rigid)

Good
Sometimes Desirable

]

Daouble Strap

Recessed Double Strap

Very Good - PN
Difficult Production [ ) | } |

Caod
Expensive Machining

Beveled Double Strap

[ =t

Half Lap |

| I 1
L 1

Double Lap

Good
Requires Machining

Good
Difficult to Balance Load

e ——— e ———

*

Porest oo Fair Fair
LJ Paae Coad Vair Good
v v
— t - 4 —
L Good Good Good Gaood
I air Good Goad Good
«— «—
* * ~——4  Stress Direction
o Figure 26.4-1
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26.4 DESIGN OF ADHESIVE BONDED JOINTS

(Comntinaedy

PYPTOAT NC LU N BATT NG ST hrbss l.\l’v)‘)l\l\!

RN r

I

Aetiial

2000

1] i 2 3 4

Croerlap ans
NOTE: Phe bond <teonpth obthe ovoniag viaes with tha
lergeths of tee o thick ness o the mutenad, and
s weld stronpt

R ——

Figure 26.4-2

26.5 DESIGN OF ADHESIVE BONDED PARTS

MWhen designing parts for adhesive bonding, the Tollow ing
basic design guides ~houtd be followed of the masxamuam
strength of the adhesive 1< to be achipeved:

A StiHness and thermal expanaon cocfficients of the
adherends should be as sinnar as posable

B Arrange the adhesive bond i shear o caompression
avarding flatwise tension and ped

( Stress cancentrations at edge of Jomts can be reduced
i hicisvier stractures by tapering the edpe of adherends or
nsing stepped doublers

D Aake thebond arca e enouph oGy e nequired
levisd

B Make the contanrs af ratingg strastures as simalar as
possible to cnsan amform pressure apphication to all
~eetions of the bandbin

26.6 STRUCTURAL BONDING DESIGN
INFORMATION

26.61 DESIGN OF ADHESIVE BONDED
STRUCTURES

A LOAD DISTRIBUTION  Uniforn joad aistsibatoon s
necessary o obtinn optitnum jont dbicieney, and fatipoae
hle Clase coordination with, both thic materiads wohnologs
argicnzatton and the tooling groap s neces~acy noorder
to iy ond excessive productian costs, The faliowing ol
tives apply for optimum adhesive bonding do-ign

Lo ANiniinise any stross concentrations i the adneseo
bond.

Provide efficient disteibation of Toading to e attachind
Cuatipuatient

[ 2

Apply stresses g shear o compression

He CURING ENSENTIALS Fatensive protessing is 1t
grared  an stucturad bonding Fhe beoswding procsess
quires:

T Fven pressare distnibution o cnsare proper contaet
durmg the flow and wetting stigges of the cure, can
soquonthy dirensrorald toleranees are very erhical
Fhese tadccane e problems can oceur when nested parts
bt gt cantonir ate bonded

2 hemperature apphication as undorm as possible to
provide even curting of all o sections of the hond

§ DESIGN S GRJECTIVES The above reguarenents
maske 1 nevessitry 1o design paarts and details which can
be vanily fubricated

D DESIGN PRECAUTHONS In the design of ssscbly
or installation of bonded structures the following precau-
tions should be taken:

1 Avord locating fasteners an the vienuty aof joggedes

2. Consider the efferr of sy possible coriosive attack




w~

26 G110 METALS SUITARNLE
ADHESIVE BONDIN

Fugure 26 G111 Lists mactals that ma

NEAEE RN

——

Worought Alurnae Ao,

Cortosten Maosistant St

Magnesien

Titanium
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FOR STRUCTURAL

v be bonded

SERIES

2o
B004
M
EY NN
[NEN]
TUTH
ThTYy
1178

[EEPR RN
AR RVAR BNITRAN

ber J
S SR O

Figure 26,6111

26,612 SELECTION OF AN ADHESIVE BONDING

SYSNTEM

A CHOICH OF ADHESIVES Loy
the dass hnown s thermosettng e
primary thermosething types arc
fernaaddeby de conmmonly 4 e
Modaficrs ane added to groe dosin
ther mosclie g resins are gy anahle beat

Setrad bonhing

he-vos s usca Ul

v ano
T e~
d o tta

RIZER R NI

great estent, Figures 26012101 ana 266120 2 e

sent aclormation for dessgsti g o e

hestve system DM aGAS S

sereetion of el

SO0 proennts e

allewable anformation tor the various structural adhiesive

Yyt

26.6121 SELECTION OF ADHEST

Figures 266121 -1 and 26.6121-2

VES

provide information

on the seledion and medhanical properties ol stractural

THIS
.ol COFY FURNISHAD T0 bOC

B OENVIRONNMENTAL CONSTHEILCT 000 S
Condiliogr sat feo e oLt e st Lt

be tiken ante secnnn ekt the fedbos g

I Type of Joadig:
20 Operating temperatun

3 Flud o posan JP b Gl BAIS 31D Hcdrain
Flad, al spras, ot

4 Cotrosie

CONTRENGTH Corostg b
crabinns that (ot te accen

Strotgrtt oot

1 Tensil shoar sto et

2 Poland faligue stiegeths

3 Crapstion

4 Flesshduy, stabales o

IMPOICTAN | o b
ersses vl G
the alumaua, .
example bondiee
blies wothe the KN
aduminurn diony
LTE for as e

Cal provertios of ot

frorature and o
s BEN serne ot
s the posu it oo ahoes

adhesives
ADHESIVE SELECTION CHART FORSTRUCTE AT BONDING
Process Adhesive [t -Servaa i
Spectfication [ Systern BMS [Ty pe of Stractun Femperatin ) Hetnar ks
BAC No Nutnber Lamtations "F
- —_——d e SO N . - -
8514 542 5-42 Meral b SMeta L 250 DSt tor boasd e o I
S e : doabiers and -ty i
abirnar able. oo e :
Wl o ttanaarn i
5-51 Motal-tn Merad s LOSpety B o
Sracture Alumotang VOB ) ass e - e
Honeycomb Sandwich Lanated and sepone o
. avcerhies bog veeoas ol
t) (2) shevt devnblers and sfit s
o alvnanum and Craney
| - e e B S am—
5514-570 5-70 Aluminum 300 Speadfy for muchined haneyveamb
Honeycomb Liseninested edge i square el
Sandwich honeyanub assemblies
5514-580 5-80 Metal-to-Metal 180 Alternate to BAC H014-301
Structure
Aluminum Houneycomb
Sandwich (7 C
. L OO W S
@ Laminuted sheet is available us BNS 69, Typical driswimg oot shall be by
the note:  TWO PLY 0OXXX SHEETS LAMINATED PER B30s V09 1he nat
shull refer to the applicable part< by flug in the stock size and noacnal calumn of
the parts list.
Q) See BMS 4-4 and 4- 6 for honeveomb core drawing collouts

Figure 2661211
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Ultimate Shear Load - 1K) 1bs per in. wadth
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SELEC
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TION OF ADHESIVES (Continued )

204 - 4

MECHANICAL PROPERTY CURVES OF DIFFERENT BMS SPECIFICATIONS

N
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! !
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!
. 1

i
t iz
t 3

!

i
L

§ e

HBMS H-42

|
I

P S

|
[
- 4 i PN SR

Substrate: 2024°7-3 Clad Aluminum

et e
'
JUUES SN SR S

Specimen: 063 in thick x 1.0 inch
wide x 7.5 inches, with a4 .50 inch
overlap.

| Values are from DMB4AYS i
l Section 532
P ’ foy
O P b
! \

!

1 :. 4. . i . 4'.. -
it Load vs, Temperature :
i : . i e
: !
T i
| :

i B o o R SRS R e
. , i 4 : i § : [ R :
. N i 1 v
: i | i : R : | H !

- 30

-200

- 1)

Y] 100

‘Temperature, °F

200 300 400 500

Figure 26.6121-2
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26,613 CURED BOND LINE THICKN

SES

The cared nomanad bond lind thickness for stracturad ad

hesives varies, depending on the usage of the adhesive

curing pressure. width of the osverlap and the chemiead
niture ol the adhesive. The values given e Fagon

26.613-1 are for typical wide area bonds (127 x 127
and would vary if the overlap was smaldler

CLRED BOND LINE THICKNESSES AND W lxlhll:J

Adhesve Cured Nonunal Namintal '
Bond Thickness  Weght |
Cinches ) Ity 1 '

T TBAN G2
Typelwotn

Type 2 Grade A OuY 055
Lype 2, Grade 8 0l a7
Tvpe 3 Grade 004 04

b e e o
BNISAST T T I
Tvy with . .
Type 2, Gradd d 003 K] :
Type 2. Grade 10 008 06
Type 3. Grade 15 012 0N
BAMS 579 3
(Type 3 Liguid A (1} 085

hesive with Type 2
Tupe Adhesive)
Bonded per

BAC 5413

BMS 580 (1)

Type 1. Grade A
o Grade B wth

Type 2, Grade 5 05 “.:‘.
Type 2, Grade 10 .(!H_) 06
Type 2, Grade 15 015 0K

!

1 Cured bond hine thickness will vary with pressure
and width of overlap.

"2 Heavy serimin the bond fine keeps bond thick ness
fairly uniforim regardiess of pressare or length of
overlap.

(3 Fhis is a0 very high flow adhesive Narrow bond
overlaps (50 10 625 ) will hisve a nominal (006 .
bond line. Wide overlaps with the same pressure
will have .01 to 012 inch thick bond lines

Figure 26.613-1

26.614 DRAWING CALLOUT

Prawings shall callout the adhesive sy Stercand process by
tha tollowing

HOND W ITH BMS 5 xx PER 8AC Sdxx

BAC 5514 " Cammon Bonding Requirements for Stru
tural Adhesive Svetems”, collects and specifies all the
conmon processes for all structural bonding adhesive
svsterms. A BAC 5514 dash-numbered specification is used
tor cach specific adhesive systems imdividual processing
rexpuirements  For case of reference, the dish number will
be the three digits of the BAS numbers, Therefore, the
HAIS will not need to be called out. The callout will then
tiee

BOND PER BAC 3514 551 (BAC 3514 550 OPTIONAL,

The cadout shall be referred 1o by flags in the appro-
pridte place on the field of the drawing and in the mate-
oal column of the st of materials for both details and
their assemblies.

NOTE: Fur drawing callout of specific processes and/or
materials, see the references in 26,021

26.62 ADHESIVE BONDED HONEYCOMB
SANDWICH PANELS

Honercomb sandwich structures consist of two high den-
sity faces or skins separated by a relatively light weight
stabilized core The function of the core is to stabilize
and separate the foces and 1o resist transverse shear
loads and local crushing louds normal to the faces. The
selection of the core and face materials will depend upon
the particular requirements the structure must meet.

The designations, structural and non-structural, are
used to deseribe the two types of bonded sundwich con-
struction.  Non-structural sandwich panels are covered
In Section 218,

Structural sandwich panels are covered in Section 216,

PO Y




26.7 NON STRUCTURAL

26.71

A

ADHESIVE
DESIGN INFORMATION

HONDING

SELECTION OF AN ADHESIVE SYSTEM

he followaing considerations should apply when select

i non stractural adhesive systems:

e

The matenals to be bonded; their surface condition
(rough or smooth, porous or non porous); their sus-
ceptibility to Terazing” cacryvlic and polystyrene plas
ties ) flexibilits s method of prebond treatment,

The cnvironmental resistance of the adbesive bonded
joint to maoisture, oibs and greases, BMS 3-11 Hy-
dravhe Fluad, ozone, fucls and solvents, temperature
Calso eyvdic temperature change ), radiation, and fluids
such as doanng materials, coffee, urine, de,

the vpe of Toading to which the adhesive-bonded
Jomnt will be subjected, ice, Tatigue, shear, tension, peel,
vibration, and therr strength requirements.

The suethod
brush,
trowet

of adhesive application, e, manual
extension ga, spray, dip, roller coat and

he rssembly requirements, e assembly focation
suchoas tactory ot field, the aceess of bonding tools
such i spray guns, rollers, vicuum bagging cquip-
ety bonding Jigs clevabed temperature curing equip-
ment covens and heat guns).

-122-

6.

7.

8.

The curing requirements, te., temperature (elevated or
room), pressure and cure time.

Special requirements such as color, electrical pro-
perties, and high frequency heating from nearby elec
tronic cquipmentincluding radar and antenna sy stems.

The materials to be bonded must be resistantto corro-
sion resulting from the action of harmful substances
present in, or produced from the adhesive used. Al-
though this type of action is comparatively rare, it
must be recognized and avoided.

Examples:

9.

1.
any
Ma

————vw o o

a. Some epoxy compounds react detrimentally with
copper and brass.

b, Some neoprene adhesives react with moisture to
release hydrochloric acid.

c. Some silicone adhesives react detrimentally with
copper and brass.

Bonding cost cansiderations are heavily influenced
by the labor involved in application. Figare 26.713-1
shows cost of bonding o one-foot square area, Fven
under these comparable conditions, the method of
application can cause total costs to vary over 300
For large arcas, high production, or peculiar shupes,
consult the Materials Technology organization for cost
analysis and guidance,

When the design of non structural joints approaches

¢ of the limitations noted in Figure 26 711 2consult the

terials Technology organization.

—_— - - —r - — —_— -
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26,731 SELECTION OF ADHESIVES Phey adso have good Latigue chasacteristes., However,
rigid adbiesives have telatvely poar tocding queadaties
A. The adhesives shown in Figure 26. 711~ 1 are recom~ whin stressed an peel or deinige

mended for nonstructural bonding applicativns,
4 Sorne andhests os show bigh el aned <beae strength

n Eheriosetiing adbesives e, Ty pes 38, 53, 59, ¢ Dut have poor sesislane et canstant o oihrsting steeeses
are pebatively rgad and oatabt hogh tensile qaid sheat The tabber based atdbiesgves G Ty pes J00 38050 0l
Steength Csee Fagare 26 71 2 whether the load be applied v bow tenstle of ahear slength, bat because of film
gt st tane tds e or a0 canstant Joaag Fsdahey clastiony . develop hagh pedd og eavape strength,
SUGGESTED BAC 5010 ADMESIVE TYVES FOR VARIOGNU S COMBINATIONS OF 51 HEALEN i
LYPR TN BAC 5038 !
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Check the process documents st spechcations under
260022 H vowr bondig job s covered by one of the
docaments or specdicataons, callout that particalar
document or specfication It vour job s not eovered
by any dotunment or speafication. proceed o Step 3
Select the poscible adhesive tvpes found m Figure
26.711-1 by matching thee substrites
Referring to Figure 26,711 2, seleatthe prapo cadhesive
for your job. Determine which Gfany ) of the pos<able
adhesives meets the requirements for this job. Ses
Figure 26.711-2 for impomant criteria to consider,
ie., BMS 3-11 Hydraulic Fluid, oil, fuel and water
resistance, ete. Consult Fgure 26 7H3-1 to compare
costs of suitable adhesives
For any applicable criteriaa not covered by Figures
26.711-2 and 26.713-1. consult the Materials Tech-
nology organization for recommendations.,
Drawing callout for the adhesive you have selected
is deseribed in 26,714,
D —— ¥
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HON OF ADHESIVES (Cantinaedy
ADHESIVE PROPERTIES ]
Mn { Stacabaetures Description Vel
DT Ih ~ipgration Appeariance Physical Properties
1 ar BMS No &Primary Uses
P Mo 100KA A black two compaonent, Black, brushable Tough,  fexible, contact
! FOUEN WM erature CUrng Sy U ty pe rubber cement used
doetoe TSI Nenprers bise adhesive for bonding & splic ng
Necn o gator i Toluene vehicle Neoprene rubber & Neo
: prene coted fubric to
' Stk 1007 themselves. Not recom-
[ T mended for de-icing bhoos
Cyvlohexanone viny! Very thin, clear. : 7wed for bonding viny! .
I Cvdatn s saolvent for bonding pasle amber 't parts or films o them- |
vinys pants o films to heuid. | selves.
theetrise v
n PR — -
X A o part synthetic HBrown, thin, A flexible contact oe-
i rubber base adhesive brushable ment, Provides immoediste
COBMN SO0 in o naphtha vehicle liquid. ' strength without clamping.
! : Will not craze acrylics !
S S T - - - B —
Lostipuer Thinner | A Blend of solvents used A clesr. water A clear liquid used for
pet Foderal for bunding Sty rene & thin liquid. bunding Polystyrenec.
Sprecihi stion Cellulosic plastics to A-B-5S, & Cellulosic
VT 266, themselves. plastics to themselves. ;
Laixite RF2905 A two comnponent, re- $lack, medium, A rigid adhesive high i i
2905 Hardener sorcinol resin bise, brushable syrup. . lensile & shear strength :
formaldehyde catalyzed, . Used for bonding woud 1o
Ca~cuphien RS- room temperature curing v owood & wood to wood
216 FNM-GONM | adhesive. laminates. For flyaway
istily st & non-flyawuy apph-
cations.
Catalin 726 !
Accelerator 30 |
1
Bostik 1007 :
Frimer
A one pan, room temper- Clear, pale A transparent, rigid
! ature setting Nirocel- yellow, medium . thermoplastic adhesive,
IS D R} luluse base adhesive in syrup which dries rapidly to give
’ a Ketone & Ester vehicle. immediute strength. Will
. craze acrylics & other
i thermoplastics. Used for
i banding woud, paper, felt
. ; . & cark to themselves &
' | o each other.
I A one pan, water dis- Cream colored, l A light amber flexible
l persed rubber base ad- thin paste. | contact adhesive. Basy
: hesive. | application, non-flam-
POBMS S o6 mable, & possesses very
; little odor. Used for
bonding paper, charts &
l i placards, felt, fabric, &
| other porous materials to
i metal & wood.
BMS 529, Atwo part, Polyamide Clear, light A rigid gencral purpose
Type } resin, kpoxy hase ad - yellow, medium- Epoxy adhesive high in
hesive, heavy syrup. tensile & shear strength.
FC-T776 Used for banding Poly-
Primer ester & Phenolic fiber-
glass laminates & metals
to themselves & each
other. Not to be used
: on copper of brass.
| o A
Figure 26.711.2 (Conlinued)
e e oo i e g s e e gy
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26.711 SELECTION OF ADHESIVES (Contmuaad)
e ADHESIVE PROPEETIES (Continucd ) o
! AC 5010 !(L'-‘l-‘l.x“l“‘ Application {lflu.sh 180° Shear Temperature ‘| Drawing
Type Na. Fo Liguids & Cure F Point Peel Strength Limitations Caliout
i 4
Strength
}—_.L_,# R [ e e
Resistant to water | Brush application. | g0°F MIL-W-3665, | MIL-W-5665, 200°F BAC 3010
& oil. Poor resis- Cures at room Type 11, Class | cotton webbing TYPE 5
tance to fuel. Not temperature. 3, (cotton web- | bonded to
5 BMS 3-11 resis-- bing ) bonded aluminum:
tant. to 2024-T3 334 psi
: aluminum
| 8 lbs/in 0 @
Restricted only by | Brush or spray. 93°F Slightly less Slightly less Restricted onl. BAC 3010
9 | the properties of by s’«'»l\ ent evap- thuan mterial than material by the properties | TYPE 4
| the vinyl. orations. being bonded. being bonded. of the vin
; S, _ _
Resistant to water, | Brush or spray. [ 540p AMIL-W-5665, | MIL-W-5665 ~30°F to 125°F | BAC 5010
12 Poor resistance to | Cures by solvent Type 11, Class (cotton web- TYPE 12
vils & fuel. Not refease. May h\ 3. {cotton web- | bing) bonded
¢ BMS 3-11 resis- reactivated with bing) bonded to | to aluminum:
tant. naphtha. 2024-13 80 psi
aluminum.
| 101bs/in (2) W
L I N S
17 " Restricted only by [ Brush or dip. Below Slightly les Slightly less Restricted only | BAC 5010
; the properties of Cures by solvent 1 goep than material or sometimes by the properties | TYPE 17
| the plastics. evaporation. ! being bonded. greater than of the plastics.
i | the material
! being bonded.
T T e
© Resistant to water, | Brush or aprcuder.! Resin MIL-R-6855, Bond is stronger 300°F @
t oil, & fuels. Cure at room C102°F Class 1, Grade | than wood where
1 temperature or - Acti- 60, Buna-N density is .76 or
19 i with aid of heat ; vator rubber bonded | less.
) up to 130°F. Re- 177°F. to 2024-T3
' quires clamping ’ aluminum
o |duringe . 9ibs/in_ (2)
130 Fair resistance to | Brush or roller 0°F MIL-W-5665, | MIL-\W-56635 200°F BAC 3010
I water, oils, & coat. C'ures by Type 11, Class (cotton webbing) TYPE 30
fuels Cannot solvent evapor- 3. (cotton to aluminum:
' stand continuous ation. webbing ) bond- | 300 psi
" immersion. Not ed to 2024-Ts
" BMS 3-11 resis-- aluminum,
tant. 6lbs/in (2 O
, Fair resistance to | Brush, spatala | Above | MIL-W-5665, | MIL-W-5662 -20°F to 200°F | (D)
34 s water & oils. Poor | or sprayed. Cures | 80°F Type I1, Class (cotton webbing)
resistance to fuels. | by solvent eva- 3 (cotton web- to aluminum:
Not BMS 3-11 re-{ poration. bing) bonded 55 psi
sistant. to 2024-T3
aluminum
i 1.5 lbs/in @ @
Af Resistant to fuel, SHff brush, art AB: | 2024-T3 Aluminum to 160°F @
“oil, & BMS 3-11. spatala, roller, 3Y5°F aluminum @ aluminum
38 Fair resistance to | or spreader. Part CD: [ bonded to 1000 psi
water. Cures at room 468°F 2024-T3
temperature aluminum
or with aid of 3.7lbs/in (2 0
heat up to
250°F. Re-
quires contact
pressure.
L —— e e [ A
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26.711 SELECTION OF ADH

ESIVES ( Continuced)

-127-

r ADHESIVE PROPERTIES
BAC 3010 | Manulacturer's Description Visual Physical Propertics Resistitnee
Type No Designut ion Appearance & Primary Uses To Liguids
) |_or BMS Nao. )
— - 1 A tough, flexible contact Resistant to water.
A one part. Buna-N base, [ Light brown to dark| type adhesive with guod oil, & fuels. Nt
40 room temperature curing | amber, medium, peel strength. Provides BNS 3-11 resis-
adhesive in @ Ketone brushable syrup. immediate strength with- tant.
vehicle. out clamping. Should be
BAMS 5-14 used where good fuel re-
sistance is required &
odor is not objectionable.
Bonds fabrics, felt, cork.
wood, Buna-N rubber,
glass, metals, & vinyl
plastics.
A two part, Polysulfide Thick, brown Cures to a tough flexible Resistant to fuel,
rubber base room temper- | paste. rubber, with good peel water, & salt spray.
44 ature curing adhesive & strength. Used for bond- Poor resistance to
sealant. 100", solids. ing nonporous materials BMS 3-11.
| BMS 5-19 such as phenolic & poly-
ester laminate, & metals
\ to themselves & to each
! other where a flexible
{ adhesive with good peel
strength is required. The
{ gap filling properties of
| this adhesive are very
| good.
— [ RN S
| BAIS 5-58 A two part, room temper- | Light brown, pour- | Cures to a flexible rubber. Resistant to water.
‘ ature vulcanizing Silicone }able paste. Used for bonding Silicone Poor resistance to
45 1 A-3094 rubber. rubber sheet and extrusions | vil & fuel. Fair
to metals & plastics or to BMS 3-11 resis
themselves. Its use ix tance.
limited to applications
where bond strength is not
critical.
i A two component, Sili- Water clear, A contact type Silicone Resistant to waler.
cone Adhesive cone resin, room temper- | thin syrup. adhesive. Cures to a Poor resistance to
. ature curing adhesive. resilient film. Used for oil & fuel. Fair
46 A-3000 bonding silicones to them- | BMS 3-11 resis-
Catalyst selves or other materials. tance.
Its use is limited to ap-
A-4014 plications where bond
Primer @ strength is not critical.
U SR
: A one part, Silicone Clear to milky, Pressure sensitive ad- Resistant to water.
base, room temperature medium syrup. hesive. May be used for Poor resistance to
47 BMS 5-57 curing, pressure sensitive low strength applications oil & fuel. Not
adhesive. up to 600°F such as bond- | BMS 3-11 resis-
- ing low density insulation [tant,
material.
A one part Buna-N base Tan to amber, A tough, flexible, low odor, | Resistant to water,
| adhesive in an ester brushable, medium | contact type adhesive with | oi!. and fuels.
1 solvent. syrup. good peel strength. Should | Not BMS 3-11 re-
48 t BMS 5-30 be used in areas where pas- | sistance.
senger comfort is a con-
sideration. Bonds faries,
felt, cork, wood, Buna-N
rubber, glass, metals, &
. vinyl plastics.
A two component Poly- Off-white, brush- A tough rigid adhesive. Resistant to BMS
sulfide-Epoxy. room able syrup. Used where BMS 3-11 re- | 3-11, oil. and
49 BMS 5-34 temperature curing ad- sistance is required. fuels. Poor water
hesive. & salt spray
resistance.
A one part, non-solvent, | A colorless, Tough, quick setting ad- Poor resistance to
rapid setting, room tem- | slightly milky, hesive for soft rubber water & salt spray.
perature curing adhesive. | low viscosity (BMS 1-28) & for bonding | Resistant to BMS
50 BMS 5-36 liquid. strain gauges. Very ex- 3-11, oi), and fuels.
pensive. Use on small
parts only.

Figure 26.711-2 (Continued)
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26,711 SELECTION OF ADHESIVES (Continucd)

[

ADHESIVE PROPER’ I 1S (C unlmm(l)

.

I! A C )l)l( Application ] Flash 180° Shear ’l'cmp«r;uurv I Draw g
Type No. & Cure Point I'eel Strength Limitations l Callout
Strength .
- - - - - R W — N—
l Brush or spray. | soew 15 Ibssing MIL- | 175 psic Mil- 300°F BAC 5010
Cure by ~aldvem | W-53665 (cotton | W-5665 (cotton TYPE 40
| evaporation. H webbing) to “d)huu,,)m
10 \LI,\ be reacti- ! aluminum. aluminum.
. vitted with
muthyl ethy! 1 D D
Ketone up to i 1 {1
124 h(llll".\lilﬂt'l’ [ - e
application. [
- N S O ]
" Knife, spatula or Above 20 Thx,in: see 278 psic 20001 BAC 5010
H | pressure gun, BO°F BMX 5-19 aluminum to TYPE 44
" Cures by vulean- aluminum.
! ization at room
| temperature or at
U temperatures up to )
. 1811“’!‘". Requires k?’ @
contact pressure
during cure.
e . - — +
| Knife or spatula. Above Very low peel 135 pais - T0°F to BAC 3010
i Cures by vulean- 80°F strength, aluminum to BO0° K 'I'IYI’I-: 4{
+ization at room aluminum. -
45 Ctemperature.
© Requires contact ‘
! pressure during @ !
‘ cure. ! :
‘ t
) . s 1 irops orr
Brush. Cures by 60-90°F L}(I)\llsull—‘z';l }Hie }‘l -( 4 h: - 65°F 160 400°F ‘ BAC 5010
16 polymerization 2024-T3 i}(}(u(lon < : I'YPE 46
‘;l.: : )1[);31“1: I,l,‘(l,): " aluminum. webbing)
N 7.8lbs/in bonded to
require ¢ lamp- 2024-T3
ng. aluminum.
@ | 281psi @
. av 70°F - 1.51bs/ing 2024-T3 - 65°F to 600°F BAC 5010
Brushor oy 100°F | M11-W-5665 | aluminum to TYPE 47
. to aluminum. aluminum
47 by ‘“'Iw:?' @ 10 psi. @
cvaporation,
Brush or spray, J0°F MIL-W-5665, 100 psi; M1L- 300°FK BAC 5010
Cures by solvent Type 11, Class W-5665 to TYPE 48
48 eviaporation. 3, (cotton aluminum.
May be reacti- webbing)
vated Ivil: LK bonded to
methy! ethyl Ke- aluminum
tone up to 24 17 ibs/in @ @
hours after ap-
plication.
Knile or spatula. Part A, Rigid adhesive. 200 psi; MIL- 160°F BAC 5010
Cures by poly- 472°F Very low peel W-5665 to TYPE 49
merization at Part B, strength. aluminum.
49 room temperature. 277°F @
Requires clamping
during cure.
- Brush or swab. 176°F BMS 1-11, BMS 1-11, 180°F
50 Cures at room Grade 40, Grade 40, to ®
temperature by Neoprene aluminum,
moisture ab- rubber bonded Also alun-
sorption. to 2024-T3 inum to
aluminum aluminum.
30.6 Ibs/in 100 psi O]

Figure 26,711-2 (Continued)
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26.711 SELECTION OF ADHESIVES (Continued)

ADIESIVE . PROPERTIES (Continued)

BAC 5010 | Manufacturer's Deserption Visual
Type No. Designation Anpearance Physical Properties Resistanee
L or BMS No. & Primary Uses To Liquids
.. - . b L
A two component poly- A translucent, Atough fexibie ad- Resistant to water,
sulfide buse room temper- | brownish-graen | hesive, Used pri- fucl, & oils. PPoar
N ature curing adhesive. piste. 3 3 resistance to BMS
31 RBMS 5-31 & Mylur o themse!, 3-11 & salt spray.
& other materials,
Shaoubd be used when
resistance to vibration
and fuel is a factor.
———————— — — - = R Sa— —
52 A two component Epoxy, Clear amber. Quick setting. Good Resistant to BMS
low viscosity, quick set- low viscosity clectricul properties. 3-11, oil. & fuel.
BMS 5-60 ting, room temperature liquid. Used for bonding Poor resistanee to
curing adhesive. phenolic, rminated waier & salt spray.
sheet & metad-clad.
Gaco N-29 A two component, Neo- Medium viscosity | A tough, flexible contact Resistant to water
Cold bond prene base, room temper- syrup. Olive adhesive. Used for bond- and oil. Poor re-
. o ature curing adhesive. drab to bluck ing and splicing Neoprene | sistance 1o fuels,
Guaco N-39 colar. rubber and Neoprene Not BMS 3-11 re--
Accelerator rubber coated fabrics to sistant.
Gaco N-15 themselves & with a
Primer . primer to metals.
(U ot Y IR e [
BMS 5-25 Red paste A rigid adhesive high in Resistant to BMS
54 {Grade 1 tensile & shear strength, 3-11, oil, and fuel.
Grade 1| but poaor in peel strength, Poor resistance to
Used for bonding metal to | water and salt spray.
A two component, alum-- - metal “’,"""'“"Au('("r;‘l
1 inum filled, room temper- [T applications where high
| ature curing, Kpoxy resin strength is rcq\urcd.A
base adhesjve, Bonds metals, plastics,
! wood, glass and fiber-
54 l glass luminates to them-
Grade 3 ' BMS 5-25 Gray paste selves & to cach other.

lGrade 3 Do not use for bunding
| copper & brass. Good
i filling properties.

o 3 . Lg it PRIV 4 SISt Y
1 Epon 828 A two component, hlgh Canary yellow :}, ::’;"lﬂk‘?‘]:d ls\':t.::."h :‘{,‘;Zl .l,i‘lf“l"(t:.\r‘ Her
56 ! Pyromellitic t:tf:‘iﬂt'rn‘(llt}‘\"s“‘r"‘g, Epoxy | syrup. strength, but poor in resistance to fuels,
i : sin adhesive. . b o d ..
‘ Dianhydride i peel strength. Used for Not BMS 3-11
U Accelerator bonding Tellon to matal. resistant.
Good at high temperatures.
-
A one component, Light tan, Synthetic rubber contact Resistant to water
58 . room temperature brushable syrup. | cement. Good flow re- and oil. Poor
| EC-880 selting synthetic sistance, heat resistance, resistance to fuels.
) rubber adhesive. Synthetic rubber to metal, Not BMS 3-11
wood, & most other sur- resistant.
faces.
59 A two component room Dark gray paste | A rigid Epoxy resin system,| Resistant to fuel,
temperature or ht‘f“ high shear strength, Bonds | oil, BMS 3-11, &
Epon 913 curing Epoxy resin base metal, Buna-N rubber, water. Not re-
adhesive. acrylics, wood, & glass sistant to salt
to themselves & to cach spray.
; other. Gaoad bond
strength to vily metals.
Q-3-0121 A onc component room Creamy, white Cures to a white rubbery Resistant to water
60 temperature vulcanizing paste. solid. Exeellent peel and ozone. Pour
Silicone rubber. strength and good elece~ resistance to oil.
RTV 1200 . trica] insulating properties. | Fair resistance to
Priner @ " Good adhesion to Silicone BMS 3-11. Not fuel
rubber and most other resistant.
materials.
68 A two compuonent room Heavy bluck Cures 1o a tough black Resistant to water
93-046 temperature vulcaniz- paste, rubbery solid. Very high and vzone. Poor
ing Silicone rubber peel strength. Adheres resistance 1o oil,
RTV 1200 adhesive, well to glass, cured Fair resistance to
Primer 1 | Silicone rubber, cork, BMS 3-11. Not fuel
phenalic, Epoxy, resistant.
Silicone resin lami-
L d most metals,

F
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26,711

l'h'\(" .")()i(l
Type No.

52

54
Grade 1

54
Grade 3

f—- ———

Application
& Cure

Knife or spatula.
Cures by poly-
merization at
room temperatare.
Requires contact
pressure during
cure.

I S

Brush. Room
temperatuire curing
Requires contact
pressure during
cure.

ADHESIVE PROPER TS sContineed)

SELECTION OF ADHESIVES (Continued )

Flash
Point

Above
150°F

-130-

180°
beel
Strength

Minimum
Shear
Strength

Temperature
Limitations

10 ibs,in
Mylar to
aluminum.
5 Ibs/in,
Nylon to
aluminum.

90 psi
Mylar to
aluminum.
158 psi,
Nylonto
aluminum.

63°F to 160°F

Drawing
Callout

BAC 5010
VIYPE 5

Rigid ad-
hesive -

very low
peel strength.

500 psi,
BMS 8-20
tphenalic
Lamiinate) to
BMS 8-20.

BAC Huly

VTYPE 52
.t

Cures upon sol-
vent evaporation
by room temper-
ature vulcanization.

Knife or spatula.
Cures by poly-
merization at
room temperature
or at temperature
up o 200°F, Re-
quires contact pre-

.
|
i

{

Base, 34°F;
Activator,
Hi3°F

MIL-W-5665,
Type 1L Class
3 (cotton web-
bing ) bonded
to 202413
aluminum
12.9 lbs/in

Type 11 Class
3 {cotton web-
bing) borded 10
202473

aluminum, @

267 psi

200°F

150°F

ssure during cure.

Knife or spatula.
Cures by poly-
merization at a
temperature of
200°F to 3507 F.
Requires contact
pressure during
cure.

150°F

I 1S

Knife or spatula.
Cures by poly-
merization at
350°F under 5 to
15 psi

Brush or spray.

Rigid adhesive-
very low peel
strength.

)
- ,<‘,, .

Rigid adhesive -
very Jow peel
strength

Rigid adhesive -
very low peel
strength,

1000 psi,
aluminum to
aluminum.

®

1100 psi,
aluminum to
aluminum.

®

2024-T3
aluminum
bunded to
aluminum
1863 psi

@

160° K

300°F

b

350°FK

|

..—*.; r—a)

{
| BAC 5010
CTYPE 53

S BAC 5010
TYPE 54
GRADE 1

"BAC 5010
TYPE 54
GRADE 3

BAC 5010
TYPE 56
!

MIL-W-5665

MIL-W-5665

-20°F to 250°F

{
| BAC 5010

58 Cures upon ol- Type 11, Class 3 Type 11, Class 3 ‘ TYPE 58
vent evaporation (cotton webbing) | (cotton webbing)
at room temperature bonded to honded to ;
aluminum aluminum
361bsiin () | 410psi ©)
—— e . C e = 1277 A4
Knife or spatula. Rigid adhesive 2024-T3 alumi-- 180°F BAC 5010
Cures by polumer- very lov peel mum to alumi- TYPE 59
ization at room strength, mum
_ temperature or at 404 psi. @
59 temperature up to
180°F. Requires
contact pressure
during cure.
T Knife or spatula, BMS 1-22 Sili- | BMS 1-22, - 85°F (o 400°F BAC 5010
Cures at [(p)(_)m cone rubber sandwiched TYPE 60
60 temperature by bonded to between
moisture absorp-~ 2024-T3 2024-T3
tion. Requires aluminom, aluminum
contact pressure 30 1bs/in Ia' p shears.
during cure. 234 psi @
Spatula, trowel, - 70°F to BAC 5010
68 o‘r)asealsnl gun. 500°F T'YPE 68
Cures at room
temperature.
Figure 26.711-2 (Continued )
————— e —— -~ J— ———
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26.711 SELECTION OF ADHESIVES (Continued)
'

® 1
2

3.

NOTE:

@ Refer to minimum BMS requirement.

@ Refer 10 the average test results of TH-3133.

Wouod flyaway application” BAC 5010, TYPE 19, METHOD |
Wood non-flvaway applicaton: BAC 5010 °TYPE 19, METHOD 11

Honding wood & Buna-N rubbur to metals: BAC 5010, TYPE 19, NMETHOD
1.

General application: BAC 50100 TYPE 34, METHOD [

Bonding vinvl ot polyurethane foams to metal:  BAC 5010, TYPE 34,
METHOD 1L

General application: BAC 5010, TYPE 35,
Bonding 1o metal surfaces:  BAC 5010, TYPE 38, SPECIAL METHOD §

Nonstructural metal to metal bonding.  Using glass serim: BAC 3010, TYPE
38, SPECIAL METHOD {1,

General application: BAC 5010, TYPE 50, NTETHOD L
Primer application only, for banding thin rubber giaskets, complicated parts and

where one highly plasticized  surface is involved:  BAC 5010, TYPE 30,
METHOD IL

@ Required on non-silicone rubber surfaces.

When the design of nonstructural joints approaches any of the limitations
shown here, con-ult the Materials Technology organization for recommenda~

tions,

Figure 26.711-2

26712 SURFACE REQUIREMENTS FOR
NON-NTRUCTURAL BONDING

A ALODIZED ALUMINUMSURFACES. Nobonding
restrictions whien alodized pee BAC 5719,

B ANODIZED ALUMINUM SURFACES. No bond
mg restiicions when anodized per BAC 5019,

Co CHEOMADZED CLAD ALUMINUNMSURFACES
No bondmg restictions when chromadized per BAC 5798,

3 PRI-

pe 1
3736

1 BNIS MG T FYPE LPRIMER OR 8BNS 10-3
MER Na bondry restricions when BMS 10211,
Pramer of BMS 10-53 Prinser s applied per BAC
or BAC 3745

o ZENC CHROMATE PRENMEDSUREACES, Bonding
to zine chromate primed surfiaces 1» allowed only:

1 When the bonded parts are completels and imccham
clly suppasted by mcans othor than adhesives £ Nate
mechanicat holding wanced for overbuaad and repairs,

2 \Where batts, lining materials, paper. or felt are to be
handed

3. Where the adhesive s used primandy to tacikitate as
sembiy

Zine chromate primer should be ontted from bonding
areis on the orgasal desipn o may be removed prior
to honding, whicnever 15 meare taable

.o ORGANIC PAINT FINISITES, Bonding is ablowed,
But ot desirable, over ooy epamel. Bonding s not
aliowable wer:

THIS PAGE IS BEST
.
£50¥ copy mm,sagb ‘;.LOI;YCPMCHGM

T AKyd Faad

Acrylic Foamel

30 Vinyt ot

4+ Nitroccllulose Lacyuers

Al argame hingsshes shauhih be amitied feombenching

cncluding cposy el e me the arganad desgn or they
may be renved Latecs it this is more boasibl

Dt

G CADMIOM PLATED STERLS No buentogg restig
tiony on cadmium plated seel wbich mets e reguane
ments of Federal Speaification Q=110 Lo ' o
BAC 5718 and BAC 3701 which speaily antorate st
plate treatment. See the applicable model finish s ey
tion for pruaper finish mle(. Where the chromate poa
plate treatment 15 not allowed, contac the Nittotiaes Far
nology organization tor bondug st toons

Ho CADNMIUN PLATED TUPANTE AL N feutogt e
stoictions on cadnuum plated Dt am wheh neets the
requirenients of BAC S804 and speafies chrotate peoet
plate treatment. Sve the applicable roode D s
tion for proper fmsh calout Where the (htotnate post
plate treatment is not wloswed, comtact the Naterials foh
nology orgatuzation tor vonding instradtion-.

I POLYTETRAFLUOROETHYLENE (TR - qqt
LON) Teflon must b surface treatd prici b nagedey
There are no bonding testrictions on soriace evog o
lon (purchased s bondable™ oo _sweer o o tethag
etched per BAC 5451 0, BAL 5300 ()

® Where etching facilities exist.
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COST INFORMATION

Comparative costs of adhesive bonding ivre given in Fig

ure 26,713 1.

COST OF NON STRUCTURAL ADHESIVE BONDING

& O - —— - - S -
sl X ® |
-
4
3
= 600} ]
o500 —_— - - Vi 4
4
» 400 4 oL
]
3
7
oS00 - - L
£
2.(Hy ‘ - L _ -
.00 T : . 3
5 9 12 17 19 30 34 38 40 44 45 46 47 48 49 51 52 53 54 56 58 59 60 68
Adhesive Type Per BAC 5010
Costs are for bonding two flat, non-porous surfaces one
foot square and include all manufacturing costs, includ-
ing primer where necessary. Material, labor and overhead
costs were included. Data re-verified in August 1966,
« Figure 26.71:3-1
26.714 DRAWING CALLOUT Fxaomple: BOND PER BAC 5010, TYPIE 38, SPECIAL

METHOD 1.

To obtain the proper drawing callout for nonstructural
adhesive bonding follow the steps outlined in the footnote
to Figure 26.711-1 and use the appropriate BAC 5010
Type number as indicated in Figure 26.711-2, The call-
out shall appear on the drawing as:

BOND PER (Drawing callout from Figure 26.711.2).

The callout shall be referred to by flags in the appro-
priate place on the field of the drawing and in the ma-
terial column of the list of materials for both details and
their assemblies,

NOTE: For drawing callovt of specific processes andjor
materiuls, see the relerences in 26,022,




12.

13.

1k,

15.

16.

-133-

LIST OF REFERENCES

"The Fastener Population Bomb," American Machinist Magazine, April 17, 1972.

Assembly Directory and Handbook, Hitchcock Printing Company, Wheaton, Illinois,
1969,

Walter Schwenk, Fabrication Techniques for Rivei Fasteners Utilizing S5-Nitimol,
Interim Technical Report IR-85R-2 (IV), Air Force Materials Laboratory,
March-ay 1973.

C. R. McKenney and J. G. Baker, "Explosion-Bonded Metals for Marine Structural
Applications," Marine Technologu, July 1971.

V. D. Linse, R. H. Wittmar, and R. J. Carlson, Exrplosive Bonding, DMIC Document
225, "attelle Memorial Institute, Columbus, Ohio.

F. R. Baysinger, "Welding Aluminum to Steel Using Transition Insert Pieces,"
Welding Jowrmal, February 1969.

H. E. Otto and S. H. Carpenter, "Explosive Cladding of Large Steel Plates Wi-n
Lead," Welding Jowrmal, July 1972.

R. H. Whittman, "The Explosive-Bonding Process: Applications and Related Problems,"
ASTME AD67T-1T7, April 1967.

Private Correspondence with C. R. McKenney, Marketing Representative, Metal
Classing Section, E. I. du Pont de Nemours and Company, February 28, 1973.

L. Farbo, Boeing Laboratory Test Report LSR-2852, New Oreleans Test Facility,
November 26, 1969.

L. A. Becker, Evaluation of Bimetallic Couple for Use on Naval Combat Ships,
Naval Ship Research and Development Center Report 3634, May 19T1.

Marine Technology Magazine, July 1971.

R. S. Koogle, "Fabrication Cost Comparison Study--Welded Aluminum/Steel, Bimetal-
lic Strip Versus Mechanical Fastening," Project Order 2-009L,

Robert Yearick, "Shipshape for a Big Catch, "Du Pont Magazine, July-August 1972.

F. E. Hamren, "Liquid Natural Gas Ships~-A New Construction Approach," Maritime
Reporter and Engineering News, February 1, 1973.

Personal Communication with C. R. McKenney, E. I. du Pont de Nemours and Company,
April 1973.

- _——— e e e e e —— - — e ———— -




r

10.

11.

12.

13.
1k,

15.

16.

-134-

ADDITIONAL SOURCED OF INFORMATION

Altenburg, C. J. and R. J. Scott, lesign Considerations for Aluminwm Hull Struc-

tures, Gibbs and Cox Ship Structure Committee Report 218, USCG, 1971.
"American Shipbuilders Turn to Automated Welding to Compete,"
April 1969.

Welding Engineer,

Cantrell, D., Bonding Metal-to-Metal Riveted Structure With Foom Temperature
Curing Adhesive, D6-T132, Boeing Commercial Airplane Company, September 1961.

Cline, C. L., "An Analyticai and Experimental Study of Diffusion Bonding,"
Welding Jowrmal Supplement, November 1966.

DeLollis, N. J., "Adhesives for Metals--Treory and Technology,'" Industrial Press,
1970.

Establishment of Parameters and Limitation of Explosive Welding, Pratt & Whitney

Aircraft Report PWA-FR-150°8, August 27, 1965.
"Friction Welding: Versatile Joiner of Dissimilar Metals,"
December 1970.

Welding Engineer,
Gatsek, Leo F., Bonding and Welding of Dissimilar Metals, NASA Publication
SP-5018.

Hawkins, 5., G. H. Levine, and R. Taggart, A Limited Survey of Ship Structural
Damage, Ship Structure Committee Report 220, USCG, 1971.

Holtyn, €. H., "Aluminum--The Age of Ships,” Presented to the Society of laval
Architects and Marine kngineers, New York, November 10, 1966.

Holtyn, C. H., Shipbuilding Guide to Aluminwm Constructiom, Reynolds Metals
Company, 1963.

Lowenberg, A. L., and P. D. Watson, Recommended Emergency Welding Procedure for
Temporary Repair of Ship Steels, Ship Structure Committee Report 195, May 19(9.

Machine Design Magazine, Fastener reference issue, 1972.
Roderick, Robert L., American Machiniet Magazine, McGraw-Hill, December 28, 1970.

Scott, R. J., and J. H. Somella, Feagibility Study of Glass-Reinforced Plastic
Cargo Ship, Gibbs and Cox Ship Structure Committee Report 22L, USCG, 19T1.

Turner, M. J., "Manual Vs. Machine Welding in Shipbuilding," Welding Engineer,
August 1972.

" r————————————— —— - -- ————— [e—.




-135-

ACKNOWLEDGEMENTS

Appreciation is expressed to the following for their assistance:

o

(o)

lockheed Shipbuilding & Construction Company, Seattle, Washington
Tacoma Boat Building Company, Tacoma, Washirgton

Aerojet General, Curface Effects Ships Division, Tacoma, Washington
Commanding Officer, USS Bridget (DE-1024), Pier 91, Seattle, Washington

E. I. du Pont de Nemours & Company, Metal Classing Division, Wilmington,
Delaware

Naval Ship Research and Development Center, Annapolis, Maryland

Bath Iron Works, Bath, Maine

Newport News Shipbuilding and Pry Dock Company, Newport News, Virginia
Boeing Aerospace Company, Naval Systems Division, Seattle, Washington
Northwest Technical Industries, Inc., Port Angeles, Washington

Nickum & Spaulding Associates, Inc., Seattle, Washington

c e miem e o e = e g — e o e gy ———

e i_— —




Unclassified

Secunty Clasmification
DOCUMENT CONTROL DATA-R& D
Secunty classificarion of ntle, body of abstract and indexing annotation muset be entered when the overall report 18 classtited
1 OHIGINATING ACTIviTY (Corporete author) 28 REFPORTYT SECURITY CLASSIFICATION
Boeing Commercial Airplane Company Unclassified
P. 0. Box 3707 2b GROUP
Seattle, Washington 9812k
3 KEPORT TITLE

A SURVEY OF FASTENING TECHNIQUES FOR SHIPBUILDING

4 DESCHIPTIVE NOTES ( Type of report and inclusive dates)

Final Technical Report

% AUTHOR'S [Fustname, middle iminal last name)

Nobuo Yutani
Thomas L. Reynolds

6 REPORT LATE Tttt T Ta TOTAL NO OF PAGES 75 1O OF REFS
September, 1973 135 16
e CONTRACT OR GRANT NO 94 ORIGINATOR'S REPORT NUMBERI(S)
NOQO2L-T3-C-50TT D6~26283-1

L PROJECT NO

SR-207

‘ b, zvnzn REPORT NOIS: (Any vther numbers that may be sssigned

ia report)
S$SC-260

d
1 DISTRIBUTION STATEMENT

Distribution of this document is unlimited.
1 SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Naval Sea Systems Command

——
17 ABSTRACT

This report is aimed at defining fastening processes and techniques that are not
widely used in ship construction today in terms of their applicability and potential
for improving cost, construction, reliability, and maintenance of hull structures and
attachments. The study includes similar and dissimilar metal-to-metal and metal-to-~
nonmetal joints, & generic fastener matrix of typical fasteners, fastener installa-
tion equipment and processes, proposed applications of explosion-bonded materials,
and cost comparisons of various fabrication techniques. Fusion welding, diffusien
bonding, friction welding, and adhesive bonding are discussed. Several fastener
standards and vendor proprietary fasteners are included as figures. Extractions from
Boeing Design Manual sections on mechanical fastening and sdhesive bonding are
included as reference attachments. Fastening systems and techniques that merit
further study or verification are identified.

FORM
DD. ~wOov .-1473 Unclassifieqd

Security Clessification

P,

_al



Unclassified

Secunty Clussificetion

KEY WORDS

LINK A

LINK B

LINK €

ROLE wT

ROLE w T

how o

bt 4

Final technical report
Fastening techniques
Deckhouse attachmerts
Systems installation
Outfitting

Explosive bonding
Fasteners

Adhesive bonding

Bonding techniques
Structural fasteners
Bimetallics

Trimetallics

Watertight compartment penetrations
Riveting

Bulkhead penetrations
Electromagnetic riveting
Hole preparation
Drilling

‘Transition Joints

— Unclassified

Security Clasasification

ca —

PV U AR Ma aean . _omMa ..



